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Synopsis of Dicliptera (Acanthaceae) in the Nueva Galicia Region 
of Western Mexico with a New Species, D. novogaliciana 


Thomas F. Daniel 
Department of Botany, California Academy of Sciences, 55 Music Concourse Drive, 
Golden Gate Park, San Francisco, CA 94118 U.S.A.; Email: tdaniel@calacademy.org 


This account of Dicliptera in the Nueva Galicia region of western Mexico includes an 
introduction to the genus, a key to and descriptions of the eight species known from 
the region, distributional and ecologic data for each taxon, and illustrations of most 
taxa. A new species, D. novogaliciana, is described and is endemic to western Nueva 
Galicia. Two names, D. nervata and D. pringlei, are lectotypified. The eight species 
treated are: D. haenkeana, D. inaequalis, D. membranacea, D. nervata, D. novogali- 
ciana, D. peduncularis, D. resupinata, and D. thlaspioides. 


Esta cuenta de Dicliptera en la regién de Nueva Galicia de México occidental incluye 
una introduccién al género, una clave a y las descripciones de las ocho especies 
sabidas de la region, los datos distribucionales y ecolégicos para cada especie, y las 
ilustraciones para la mayoria de las especies. Una nueva especie, D. novogaliciana, se 
describe y es endémica a la porcién occidental de Nueva Galicia. Las lectotipifica- 
ciones se hacen para dos nombres, D. nervata y D. pringlei. Las ocho especies 
tratadas son: D. haenkeana, D. inaequalis, D. membranacea, D. nervata, D. novogali- 
ciana, D, peduncularis, D. resupinata, y D. thlaspioides. 


Dicliptera consists of about 175 species occurring in temperate and tropical regions of both 
the Old World and the New World. The genus has not been revised in its entirety in more than 150 
years and is in need of critical taxonomic study. Mexico appears to be a regional center of diversi- 
ty and endemism for Dicliptera. Mexican plants vary from annual herbs to large shrubs and have 
flowers that vary widely in size, color, and resupination. Of the approximately 75 New World 
species, 15 occur in Mexico, and at least eight of those are endemic to the country (Daniel, unpub- 
lished). 

The Nueva Galicia region of western Mexico (Fig. 1A), as delimited by Rzedowski and 
McVaugh (1966) and McVaugh (1983) for the Flora Novo-Galiciana project, is recognized as a 
floristically rich region of the country (e.g., Graham 1993; Toledo et al. 1997). Indeed, at least 105 
species of Acanthaceae occur there (Daniel 1993). Eight species of Dicliptera have been collected 
in Nueva Galicia, including one newly described below that is endemic to the region. 

Based on both morphological and molecular characteristics, Dicliptera is included in subfam- 
ily Acanthoideae, tribe Justicieae, and subtribe Diclipterinae (McDade et al. 2000). Within the sub- 
tribe, Dicliptera is part of a monophyhletic lineage that also includes the Old World genera 
Hypoestes Sol. ex R. Br. and Peristrophe Nees, all of which are characterized by resupinate corol- 
las. Floral resupination is achieved in all three genera by a twisting, usually 180°, of the corolla 
tube. In some Dicliptera, especially in the New World, there is no torsion in the corolla tube (i.e.. 
resupination has been lost), and in other species the corolla is resupinate 360°. In both of these lat- 
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Figure 1. A. Map of west-central Mexico showing the boundaries of the Nueva Galicia region as delimited for the Flora 
Novo-Galiciana. B. Distribution of Dicliptera haenkeana in Nueva Galicia. 


ter conditions, orientation of the lips of the limb is identical (1.e., upper lip entire or 2-lobed and 
lower lip 3-lobed). Among species of Dicliptera in Nueva Galicia, all three conditions are encoun- 
tered: non-resupinate. resupinate 180°, and resupinate 360° (Fig. 2). All species are constant with 
respect to floral orientation except for D. inaequalis, which as circumscribed here exhibits non- 
resupinate corollas on some individuals and corollas that are resupinate 360° on others. Among 
Mexican Dicliptera, as exemplified by species from Nueva Galicia, small and white to pinkish 
(often with colored markings) corollas are resupinate 180°, whereas longer and red to orange to 
yellow (lacking markings) corollas are either not resupinate or resupinate 360°. Daniel and 
McDade (2005) noted that floral orientation, corolla size and color, and nectar sugar chemistry cor- 
relate with floral visitors among Mexican Dicliptera. 

Pollen of Dicliptera in the New World is remarkably consistent (3-colporate, 6-pseudocolpate, 
interapertural surfaces reticulate) and offers no documented characteristics for distinguishing infra- 
generic taxa. This type of pollen is widespread among genera of Justicieae, including other 
Diclipterinae. Representative pollen grains for the eight species occurring in the Nueva Galicia 
region are shown in Figure 3. 

Chromosome numbers have been determined for 25 species of Dicliptera, 15 of them restrict- 
ed in distribution to the New World and 10 endemic to the Old World. All species from the New 
World have = 40 (undoubtedly a derived number), whereas species from the Old World exhibit a 
diversity of numbers: 1 = 10, 13, 15, 24, 26 and ca. 30 (with 2 = 13 most commonly reported but 
with 7 = 15 known from taxa in Africa, Madagascar, and India [Daniel 2006; Daniel et al. 2000]). 
Chromosome numbers (7 = 40) have been reported for five of the eight species occurring in the 
Nueva Galicia region (D. haenkeana, D. inaequalis, D. nervata, D. peduncularis, and D. resupina- 
ta [Daniel et al. 1984, 1990}). 
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75), resupinate 180°. 


B. D. novogaliciana (Daniel 2/06), not resupinate. C. D. nervata (Daniel et al. 6282), resupinate 180°. D. D. thlaspioides 
(Daniel 1292 from Oaxaca), resupinate 18 . D. inaequalis (cultivated plant of Daniel et al. 6267), resupinate 360°. 
F. D. resupinata (cultivated plant at Tucson Botanical Garden, Arizona), resupinate 180°. 
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Dicliptera Juss., Ann. Mus. Natl. Hist. Nat. 9:267. 1807, nomen conserv. 
Tyer.— Dicliptera chinensis (L.) Juss. (SJusticia chinensis L.). 


Herbs or shrubs with cystoliths; young stems + distinctly 6-angled in cross-section. Leaves 
opposite, petiolate, margin entire to subsinuate. Inflorescence of axillary cymes (= modified dicha- 
sia ?) bearing 1 or more bracteolate cymules; cymes alternate or opposite, subtended by paired 
bracts, sessile or pedunculate in leaf axils or in axils of inflorescence bracts forming a terminal 
spikelike thyrse or panicle of thyrses; cymules sessile or pedunculate, comprising an involucre of 
several pairs of bracteoles, outermost pair usually conspicuous and larger than inner (often hyaline) 
pair(s), cymule bracteoles of a pair equal or unequal in size. Flowers |—several per cymule, sessile. 
Calyx deeply 5-lobed, usually reduced and hyaline, lobes equal to subequal. Corolla often 
resupinate (i.e., tube twisted 180° or 360°), pink to purple, red, orange, yellow, whitish, or blue, 
often with colored markings on lips, tube cylindric to gradually expanded distally but usually lack- 
ing a distinct throat, limb bilabiate, upper (dorsal) lip entire to emarginate, lower (ventral) lip entire 
to shallowly 3-lobed (position of lips reversed when corolla resupinate 180°), corolla lobes imbri- 
cate (ascending-cochlear) in bud. Stamens 2, inserted in proximal or distal % of corolla tube, exsert- 
ed from mouth of corolla or rarely included in corolla tube, anthers 2-thecous, thecae equal to sube- 
qual in size, parallel to perpendicular, inserted at same or at different positions on filament, usually 
lacking basal appendages (rarely with lower theca minutely appendaged at base), dehiscing toward 
lower lip (i.e., flower nototribal) in species with corollas either not resupinate or resupinate 360°, 
dehiscing toward upper lip (i.e., flower stenotribal) in species with corollas resupinate 180°; pollen 
perprolate to prolate, 3-colporate, 6-pseudocolpate, pseudocolpi 2 per mesocolpium, exine reticu- 
late; staminodes 0. Style exserted from mouth of corolla or rarely included in corolla tube, stigma 
2-lobed, lobes equal. Capsule substipitate to stipitate, head ellipsoid to obovoid, retinacula present, 
septa with attached retinacula separating elastically and rising from inner wall of mature capsule. 
Seeds 2-4, homomorphic, lenticular. (x = 40 in New World taxa; x = 15 in Old World taxa) 


Data in the key to and descriptions of species below are based solely on specimens from the 
Nueva Galicia region. 


Key to Dicliptera in Nueva Galicia 


1. Corolla 25-45 mm long, not resupinate or resupinate 360° (i.e., in some individuals of D. inae- 
qualis; in either case with upper lip entire to 2-lobed and lower lip 3-lobed); thecae 1—1.6 mm 
long; capsule 7-9 mm long. 

2. Corolla externally pubescent with at least some glandular trichomes, lips 8-13 mm long; 
outer cymule bracteoles linear to lance-subulate to lanceolate to oblanceolate to obovate to 
hour-glass shaped, 1-6 mm wide, often glandular; inner cymule bracteoles usually glandu- 
lar; plants of inland regions at 500-2000 m IPA RET.. cseex Mantes iy. crx a eet ieeiits D. inaequalis 

. Corolla externally pubescent with eglandular trichomes only, lips 12-19 mm long; outer 

cymule bracteoles deltate to ovate, 6-20 mm wide, eglandular; inner cymule bracteoles 
eglandular; plants of near coastal regions at 9-100 m elevation......... D. novogaliciana 

1. Corolla 8-21 mm long, resupinate 180° (i-e., upper lip 3-lobed and lower lip entire to 2-lobed); 
thecae 0.5—1 mm long; capsule 4-8 mm long. 

3. Outer cymule bracteoles reniform to cordate to deltate; inner cymule bracteoles 1.3-2.5 mm 

longs calyx® 1.52.3 mii lone «ac » vor 6 es tae ee Fee ee es ee D. resupinata 

3. Outer cymule bracteoles linear to ovate to elliptic to circular to hour-glass shaped to oblance- 

olate to widely obovate; inner cymule bracteoles 3-7 mm long; calyx 3-6 mm long. 


tN 
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4. Bracts subtending cymes 4-8 mm long, 1.5—2.5 mm wide: outer cymule bracteoles 
(adaxial surface only), inner cymule bracteoles, calyx, and corolla glandular ...... .. 
ea ee nal adler, ow Raa bwin Sabre Wleth tek» oe. aaa: D. membranacea 
4. Bracts subtending cymes 1-3 mm long, 0.2—1 mm wide; outer cymule bracteoles, inner 
cymule bracteoles, calyx, and corolla eglandular 
5. Cymes sessile (or if subsessile, the peduncles to 3 mm long); filaments pubescent: 
corolla 8-12 (—15.5) mm long 
6. Cymes partially expanded (i.e., at least some cymules borne on peduncles 
more than 10 mm long); capsule (in ours) glabrous (or rarely sparsely pubes- 
cent near apex in D. haenkeana) 
7, Outer cymule bracteoles equal in size, linear-lanceolate to linear to ellip- 
tic to subcircular to obovate to oblanceolate............ D. haenkeana 
7. Outer cymule bracteoles conspicuously unequal in size, linear to linear- 
lanceolate to oblanceolate to hour-glass shaped ...............-.04, 
Se ee ee crea ee oe eee ee D. peduncularis 
6. Cymes contracted (i.¢., all cymules sessile or rarely borne on peduncles to | 


mm long); capsule usually pubescent ...................00.. D. nervata 
5. Cymes pedunculate, peduncles (3—) 15-25 mm long; filaments glabrous: corolla 
Petes SLT ORE A it As LAV iret ay ayia be psig ely ele eed D. thlaspioides 


Dicliptera haenkeana Nees in A. de Candolle, Prodr. 11:487. 1847. 


Diapedium haenkeanum (Nees) Kuntze, Revis. Gen. Pl. 2:485. 1891. 
TyPr.— MEXICO, State Unknown: without locality or date, T. Haenke s.n. (holotype: K ex hb. Hooker; 
possible isotypes [i.e., Haenke 986 collected in Mexico in 1791]: PR! PRC!). 

Dicliptera rigidissima Miranda, Anal. Inst. Biol. Univ. Nac. México 15:30. 1944. 
Type.— MEXICO. Puebla: Cerro de la Cruz, cerca de Raboso, Matamoros, 5 Oct 1942. E Miranda 2310 
(holotype: MEXU!). 


Annual or perennial herbs to 1.5 m tall: cymes sessile to subsessile (peduncles to | mm long) 
from axils of leaves (distal leaves sometimes reduced in size): cymules sessile to pedunculate (at 
least some distinctly pedunculate on each plant, peduncles to 55 mm long); outer cymule bracte- 
oles linear-lanceolate to linear to elliptic to subcircular to obovate to oblanceolate, 15.5 mm wide, 
those of a pair equal in size; corolla resupinate 180°, pinkish (usually with darker reddish pink 
spots on lips), 8-12 mm long, externally eglandular; capsule 5—7 mm long, glabrous or sparsely 
pubescent near apex. 

ILLUSTRATION.— Miranda (1944:31). 

PHENOLOGY.— Flowering: October—March; fruiting: October—March. 

DISTRIBUTION AND Habitat.— Endemic to Mexico (Colima, Guerrero, Jalisco, Mexico, 
Michoacan, Morelos, Puebla, Zacatecas); plants in Nueva Galicia occur (often along watercours- 
es) in thornscrub, tropical deciduous forests, tropical subdeciduous forests. riparian forests, and 
disturbed areas (e.g., agricultural lands, roadsides) at elevations of 200-1410 m (Fig. 1B). 

Dicliptera haenkeana appears to differ from D. peduncularis primarily by its paired outer 
cymule bracteoles that are equal (vs. conspicuously unequal) in size. The shape of the outer cymule 
bracteoles varies from linear-lanceolate to linear to subcircular to oblanceolate to obovate. Two col- 
lections with conspicuously differently shaped bracteoles were collected at the same locality: 
broadly elliptic to subcircular to obovate (Anderson & Anderson 6156) and linear to narrowly ellip- 
tic to oblanceolate (Anderson & Anderson 6155). 
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NUEVA GALICIA SPECIMENS EXAMINED.— Colima: Microondas La Cumbre, 1.9 km E of Rio Sala- 
do on Hwy, 110 SE of Colima, 7; Daniel 5290 (CAS); Mpio. Colima, Valley del Rio Salado, 5—7 km E de Col- 
ima por carr. a Pihuamo, S. Koch et al. 89160 (CAS, MICH); Mpio. Tecoman, Tecolapa, Cerro La Salada, 
F. Leger CUIDA1070 (CAS). Jalisco: ca. 10 km N of Juchitlan toward Guadalajara, W. Anderson & C. Ander- 
son 6155 (MICH), 6156 (MICH); along road between Tepalcatepec and Tecalitlan, 18.4 mi SE of Jilotlan, 
T Daniel & M. Butterwick 3275 (ASU, CAS, MEXU, MO); Mpio. Tecalitlan, road from Sierra de los Corales 
to Tepalcatepec, J. Dieterle 3053 (MICH); Mpio. San Martin Hidalgo, Sierra de Quila, 200 m SO de Rio 
Grande, J. Guerrero N. 494 (MICH); Mpio. Autlan, 10.7 km N de Autlan, carr. Autlan—El Grullo, £. Lott & 
P. Davila 2722 (CAS, RSA); Mpio. Villa Guerrero, 41 km SW de Villa Guerrero, camino a Chimaltitlan, 
E. Lott et al, 2021 (CAS); 3-12 km E and SE of Jilotlan de los Dolores, R. McVaugh 24634 (MICH); Mpio. 
Jilotlan de los Dolores, 20 km SE of Jilotlan de los Dolores toward Tepalcatepec, ca, 19°18'18"N, 
102°54'34”"W, VM Steinmann & Y. Ramirez A. 4757 (RSA). 


Dicliptera inaequalis Greenm., Proc. Amer. Acad. Arts 39(5):90. 1903, as “inequalis.” 
TypE.— MEXICO. Morelos: Cuautla, near Cuernavaca, 1250 m, 30 May 1901, C. Pringle 9665 (holotype: 
GH; isotype: US!). 


Dicliptera aquatica Leonard, Kew Bull. 1938:70. 1938. 
Type.— MEXICO. México: Distr. Temascaltepec, San Lucas del Maiz, 4 Feb 1933, G. Hinton 3337 (holo- 
type: K! isotypes: F! MEXU! US!). 


Perennial herbs or shrubs to 3.5 m tall, infrequently epiphytic; cymes sessile to pedunculate 
(peduncles to 90 mm long) from leaf axils or from axils of bracts in spicate to subspicate axes; 
cymules sessile or pedunculate (peduncles to 25 mm long); outer cymule bracteoles linear to lance- 
subulate to lanceolate to elliptic to oblanceolate to obovate to hour-glass shaped, 1-6 mm wide, 
those of a pair subequal to unequal in size; corollas not resupinate or resupinate 360°, red, maroon, 
salmon, pinkish, orangish, or yellow, 25-40 mm long, externally glandular; capsule 7—9 mm long, 
pubescent. 

ILLUSTRATION.— None found. 

PHENOLOGY.— Flowering: November—June; fruiting: February—June. 

DISTRIBUTION AND Hapitats.— Endemic to Mexico (Colima, Guerrero, Jalisco, Michoacan, 
Morelos, Nayarit, Querétaro, Zacatecas); plants in Nueva Galicia occur (especially along water- 
courses) in disturbed situations (e.g., roadsides), tropical deciduous forests, tropical subdeciduous 
forests, oak forests, mesophytic montane forests, and pine forests at elevations of 500-2000 m (Fig. 
4A). 

Daniel and Acosta C. (2003) provided a comprehensive description of this species from the 
Bajio Region of central Mexico. It superficially resembles D. sciadephora Donn. Sm. from south- 
ern Mexico and Central America (cf. Daniel 1995), but that species has generally more open inflo- 
rescences (with peduncles of cymes to 105 mm long and peduncles of cymules to 73 mm long), 
longer (9-11 mm) capsules, seeds bearing elongate papillae with retrorse barbs (vs. rounded papil- 
lac lacking retrorse barbs), and non-resupinate corollas. Plants of D. inaequalis in the Nueva Gali- 
cia region comprise a rather heterogeneous assemblage with respect to pubescence, contraction vs. 
expansion of the inflorescence, size and shape of the outer cymule bracteoles, corolla color, inser- 
tion of the anther thecae (subequally inserted to superposed), and capsular pubescence (only eglan- 
dular or with both glandular and eglandular trichomes). Remarkably, both plants with non- 
resupinate corollas (e.g., Daniel & Bartholomew 4809, Flores FE’ & Ramirez R. 2595, Webster 
1077) as well as those bearing corollas with a 360° twist in the tube (e.g., Daniel & Bartholomew 
4860, Lott et al. 977, McVaugh 25728, Ornelas U. & Garcia C. 1589, Soto N. 8193, Villa C. & 
Chavez L. 627) are represented among collections of this species. In both floral presentations, the 
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FiGurE 3. Pollen of Dicliptera in Nueva Galicia. A. D. thlaspivides (Breedlove 35983), interapertural view. B. D. ner- 
vata (Daniel 4009), interapertural view. C. D. membranacea (Anderson & Anderson 5984), interapertural view. D. D. inae- 
qualis (Daniel & Bartholomew 4860), apertural view. E. D. peduncularis (Daniel 1262 from Oaxaca), interapertural view. 
F. D. novogaliciana (Daniel & Bartholomew 4877), interapertural view. G. D. haenkeana (Daniel 5290), interapertural view. 


H. D. resupinata (Daniel 6865 from Baja California Sur), polar view, All scales = 5 um. 


lower lip is 3-lobed (Fig. 2E). No correlations are evident between cither corolla color or geogra- 
phy and resupination in D. inaequalis. So far as is known, this is the only species of Dicliptera with 
both non-resupinate and resupinate corollas. Whether the various morphological forms currently 
recognized as constituting this species complex should be treated as distinct taxa deserves addition- 
al study. Extreme forms of the species appear superficially very different from one another. 
NUEVA GALICIA SPECIMENS EXAMINED.— Colima: Mpio. Comala, Rancho El Jabali, ca. 1.5 km 
E of Hacienda San Antonio, vic. of Lagos Calabozo and Epazote, 19°26'N, 103°40.5'W, 7. Daniel et al. 6267 
(CAS); Mpio. Comala, 20 km NE de Comala, carr. a San Antonio, altar de la Virgen de Guadalupe, E. Lott & 
A, Solis M. 340 (CAS); Mpio. Comala, Rancho El Jabali, 22 km (air) NNW of Colima, near Hac. San Anto- 
nio on hwy. to Comala, ca, 19°27'N, 103°43’W, 4. Sanders et al. 10680 (CAS, RSA): Mpio. Comala, Rancho 
El Jabali, 22 km (air) NNW of Colima, road to Lago Epazote, ca. 19°27'N, 103°42.5'W, L. Vazquez V. & B. 
Phillips 615 (CAS). Jalisco: Mpio. Tecalitlan, Sierra del Alo, cerca de San Isidro a lo largo de la brecha que 
va a Jilotlan de los Dolores, Mf. Chdzaro B. et al. 4577 (IBUG); 20.9 mi NE of La Huerta and 14.7 mi SW of 
turn to Ahuacapan S of Autlan on Hwy. 880, 7 Daniel 21/7 (ASU, CAS, MEXU), 2/20 (CAS): between 
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Ficure 4. A. Distribution of Dicliptera inaequalis in Nueva Galicia. B. Distribution of D. membranacea in Nueva Galicia. 


Tesistn and San Cristobal de la Barranca, 10.6 mi S of bridge over Rio Santiago, 7) Daniel & B. Bartholomew 
4809 (CAS, MICH, MO); between Autlan and La Huerta, ca. 2.1 mi S of summit of pass (Puerto Los Mazos), 
T Daniel & B. Bartholomew 4860 (CAS, MICH, MO); Mpio. Casimiro Castillo, El Tigre, 6~7 km N de 
Casimiro Castillo, 12-13 km SSW de Autlan, 19°40'N, 104°26'W, L. Guzman & G Lopez 726 (IBUG); La 
Barranca, M. Jones 23150 (CAS, MO); Mpio. Tonila, 21.2 km SW de Atenquique, carr. Tonila-Atenquique, 
E. Lott et al. 977 (CAS, MICH, MO); Mpio. Autlan, 10.5 km S de Autlan, R. Ornelas U. & J. Garcia C. 1589 
(MICH); Guadalajara, C. Pringle S-884 (GH); mountains near Lake Chapala and Guadalajara, C. Pringle 
5344 (GH, MEXU, US); Guadalajara, B. Reko 4602 (US); Mpio. Casimiro Castillo, 10-11 km NNE de 
Casimiro Castillo, 10-11 km SSW de Autlan, 19°41.5'N, 104°25'W, E. Sanchez & L. Guzman 15 (IBUG); 
Mpio. Tecalitlan, 14 km SE de Llanitos, brecha a Canutillo, J. Villa C. & J. Chavez L. 627 (CAS, MICH); 
Mpio. de Zapopan, Nacimiento del Rio Atlicolte en arroyos de Copala, L. Villarreal 4903 (IBUG); Mpio. 
Zapopan, Arroyo de las Milpillas, carretera a San Cristobal de la Barranca, L. Villarreal de Puga 7314 
(IBUG); Mpio. de Yahualica, NE de Cuquio, L. Villarreal de Puga & S. Carvajal H. 10349 (ENCB, IBUG). 
Michoacan: Mpio. Los Reyes, 1.5 km SE de Los Reyes, S. Carvajal H. & A, Moreno C. 895 (IBUG); along 
road from Caramicus to Tumbiscatio, 12.6 km N of Tumbiscatio, 18°35.024'N, 102°20.717'W, J. Porter & 
Vv. Steinmann 14592 (RSA); Mpio. Chinicuila, camino Villa Victoria: Palos Marias, J. Soto N. et al. 8/93 
(BIGU, CAS). Nayarit: Mpio. Ahuacatlan, 8 km W de Jala, camino a la estacién de microondas, Volcan El 
Ceboruco, 21°05'N, 104°30'W, G Flores F & R. Ramirez R. 2595 (CAS), Mpio. Jala, Volean El Ceboruco, 
12 km NE de Jalpan, 21°07'N, 104°30'W, G. Flores EF. & R. Ruenes 1884 (CAS, MICH); Tepic, £. Palmer 
2001 (US): Cerro Sanganguey, cerca de Tepic, L. Paray 2707 (ENCB); KM 9 del camino de Jala a la estacion 
de microondas (Volcan EI Ceboruco), 21°07'N, 104°30'W, O. Teéllez V. & P. Magara 8217 (CAS). Zacatecas: 
foothills of Sierra de los Huicholes, 12-18 km SW of San Juan Capistrano, and 20-25 km SW of crossing of 
Rio Atenco (Chapalagana), R. McVaugh 25728 (MICH); 8 mi S of Moyahua, J. Webster 1077 (MICH). 


Dicliptera membranacea Leonard, J. Wash. Acad. Sci. 31:102. 1941. 
Typr.— GUATEMALA. Escuintla: between Rio Jute and Rio Pantaleén on road between Escuintla and 
Santa Lucia Cotz, 540-720 m, 24 Jan 1939, P. Standley 63524 (holotype: US! isotype: F!). 


Perennial herbs to 5 dm tall; cymes sessile to subsessile (peduncles to 2 mm long) from axils 
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FIGURE 5, A. Distribution of Dicliptera nervata in Nueva Galicia. B. Distribution of D. peduncularis in Nueva Galicia. 


of distal leaves and bracts (often forming a dense terminal spikelike thyrse); cymules sessile; outer 
cymule bracteoles obovate, 1.8-4 mm wide, those of a pair subequal to unequal in size, often 
whitish proximally and dark green or purplish distally; corolla resupinate 180°, rose-purple and 
cream, 10-11 mm long, externally glandular (glandular trichomes sometimes sparse); capsule 4.5 
long, pubescent. 

ILLUSTRATION.— Leonard (1941:103). 

PHENOLOGY.— Flowering: December—May; fruiting: December. 

DISTRIBUTION AND HABITAT.— Mexico (Chiapas, Guerrero, Jalisco) and Guatemala; plants 
from Nueva Galicia occur in tropical subdeciduous forest, and moist shady mixed forest of Mag- 
nolia, Fraxinus, Prunus, Garrya, Cornus, etc. at elevations of 50-1200 m (Fig. 4B). 

Daniel (1995) provided a comprehensive description of this species in Chiapas. Considerable 
variation with respect to the size of outer cymule bracteoles and corollas is evident among speci- 
mens identified as D. membranacea from throughout its range. Plants from the Nueva Galicia 
region have smaller bracteoles and corollas than the type from Guatemala. 

NUEVA GALICIA SPECIMENS EXAMINED.— Jalisco: Sierra de San Sebastian, 15-30 km (air) N of 
Mascota on road to San Sebastian, W. Anderson & C. Anderson 5984 (MICH): Mpio. Pto. Vallarta, carr. Pto. 
Vallarta-Tomatlan, 38 km de Pto. Vallarta, Nieves et al. 27 (IBUG). 


Dicliptera nervata Greenm., Proc. Amer. Acad. Arts 39:90. 1903. 
TyPeE.— MEXICO. Morelos: Cuantla, near Cuernavaca, 1230 m, 31 May 1901, C. Pringle 9664 (lectotype, 
designated here: GH! isolectotypes: K, MEXU! MO! NY, US!). 


Perennial herbs to 3.5 dm tall; cymes sessile or subsessile (peduncles to 3 mm long), often 
clustered at nodes; cymules sessile to subsessile (peduncles to 1 mm long): outer cymule bracte- 
oles ovate to widely obovate, 3—9.5 mm wide, those of a pair equal to unequal in size: corolla 
resupinate 180°, white to pink to pinkish purple, 9-12 (—15.5) mm long, externally eglandular; cap- 
sule 5—6 mm long, pubescent (rarely nearly glabrous on plants occurring near Puerto Vallarta). 
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ILLUSTRATION.— None found. 

PHENOLOGY.— Flowering: November—May; fruiting: November—May. 

DISTRIBUTION AND Hasitat.— Endemic to Mexico (Colima, Jalisco, Morelos, Nayarit, 
Sinaloa); plants from Nueva Galicia occur in tropical subdeciduous forests, oak forests, mesophyt- 
ic montane forests, pine forests, and disturbed areas (e.g., roadsides, cafetales) at elevations from 
near sea level to 1300 m (Fig. 5A). 

In the protologue Greenman (1903) cited two syntypes, the Pringle collection designated 
above as lectotype. and Bilimek 344 (syntype: GH!) from Cuernavaca in Morelos (collected 8 Jan- 
uary 1866). 

NUEVA GALICIA SPECIMENS EXAMINED.— Colima: Mpio. Comala, Rancho EI Jabali, ca. 1.5 km 
E of Hacienda San Antonio, ca. 19°26'N, 103°41'W, 7 Daniel et al. 6282 (CAS, IBUG, K, MEXU, MICH, 
MO, NY, US): Mpio. Colima, Hacienda Albaradita, 1 km W of Cd. Colima, C. Gilly et al. 62 (MICH); Ran- 
cho El Jabali, 22 km (air) NNW of Colima in SW foothills of Volcan de Colima, ca. 19°26.7'N, 103°41.9'W, 
A. Sanders et al. 11074 (MO, US). Jalisco: Hwy. 80 between Autlan and La Huerta, 8.7 mi S of turn to Ahua- 
capan, 7. Daniel & B. Bartholomew 4863 (CAS, MICH); ca. 2 km S$ of Pto. Vallarta, C. Feddema 2503 
(MICH); Mpio. Puerto Vallarta, entre El Jorullo y El Hundido, R. Gonzalez T. 597 (MICH); Mpio. Cabo Cor- 
rientes, 5 km N of El Tuito, R. Me Vaueh 25500 (MICH); S of Pto. Vallarta, ¥ Mexia 1/70 (CAS, DS, MICH, 
MO, US); Yelapa, Ensenada Yelapa, Rio Tuito, 20°29'N, 105°27'W, T. Van Devender & K. Van Devender 94- 
/2 (CAS). Nayarit: Mpio. Nayar, Colorado de la Mora, Arroyo de Los Negros, 150 m NW del poblado, 
O. Bravo-Bolatios 2183 (MICH); Rte. 28, KM 20-21, 7. Croat 45293 (MO); along Rte. 28, 1.8 mi W of Jal- 
cocotan between Tepic and Santa Cruz, 7. Croat 45318 (CAS, MO); between Tepic and Santa Cruz, 1.5 mi W 
of El Izote and 12.7 mi E of Jalcocotan, 7) Daniel 2029 (ASU, CAS, IBUG, MEXU); above La Bajada (near 
La Palma), ca. 12 mi (air) SE of San Blas, 7) Daniel 4009 (ASU, CAS); Hwy. 66 from Tepic to Miramar, 
1.8 mi E of turn to Mecatan, 7 Daniel & B. Bartholomew 4732 (CAS, MICH); Hwy. 66 from Tepic to Mira- 
mar, 17.1 mi NE of Tecuitata, 77 Daniel & B. Bartholomew 4744 (CAS, IBUG, MICH); road from Hwy. 15 to 
Cofradia, 8.4 mi E of Hwy. 15 and ca. 1-2 mi NE of Santa Maria del Oro, 7. Daniel & B. Bartholomew 4781 
(CAS): Mpio. Tepic, 11 km W de Jalcocotan, carr. a Tepic, 21°3 I'N, 105°02’W, G. Flores F & R. Ramirez R. 
2492 (MICH, MO); Tepic, M. Jones 23397 (MO, POM); La Bajada, SE of San Blas, E. Lehto 24230 (ASU); 
Tepic, FE. Palmer s.n. (MICH). 


Dicliptera novogaliciana T.F. Daniel, sp. nov. 
TypeE.— MEXICO. Jalisco: Cuastecomate Bay at NW end of Melaque, ca. | mi NW jet. Hwy. 200 to Barra 
de Navidad, ca. 19°13'N, 104°44’ W, 9 m, deciduous forest, 19 Mar 1982, 7. Daniel 2106 (holotype: CAS! 
isotypes: ASU! BR! ENCB! IEB! IBUG! K! MEXU! MICH! NY! US!). 


Herbae perennes vel frutices. Cymae subsessiles vel pedunculatae in axillis foliorum, pedun- 
culi 1-23 mm longi. Cymulae (1—)2—4 in cyma, pedunculatae, pedunculi 2-13 mm longi. Cymu- 
lae bracteolae externae ovatae vel deltatae, 10-23 mm longae, 6-20 mm latae, binatim subaequales 
vel inaequales. Corolla non resupinata, roseo-purpurea vel rubra, 35-45 mm longa. Stamina 20-33 
mm longa, thecis 1.2—1.6 mm longis. Capsula 7—8.5 mm longa, glabra. 

Erect perennial herbs or shrubs to 2.5 m tall. Young stems hexagonal, internodes nearly 
glabrous to scurfy (i.e., with irregular + trichomelike protuberances ca. 0.01 mm long), nodes 
pubescent with flexuose to antrorse eglandular trichomes to 0.6 mm long. Leaves petiolate, peti- 
oles to 35 mm long, blades lanceolate to ovate to elliptic, 14-158 mm long, 5.5—70 mm wide, |.9—5 
times longer than wide, acuminate at apex, acute at base, surfaces sparsely pubescent with antrorse 
eglandular trichomes (especially along major veins). Cymes (alternate to) opposite, subsessile to 
pedunculate in leaf axils, 1-2 per axil, peduncles 1-23 mm long. Bracts subtending cymes + acic- 
ular to subulate to oblanceolate, rarely petiolate, 1.5—-10 mm long, 0.24 mm wide, abaxial surface 
glabrous to + scurfy. Cymules (1-) 2-4 per cyme, pedunculate, peduncles 2-13 mm long. Outer 
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FiGure 6. Dicliptera novogaliciana, A. Cyme with three cymules and one flower, one outer cymule bracteole removed 
to show inner cymule bracteoles, calyx, and base of corolla (from specimens and images of Daniel 2/06 and 5279). B. Cap- 
sule partially dehisced (Daniel & Bartholomew 4877). C. Capsule fully dehisced (Daniel 2/09). D. Seed (Lott et al. 2222). 
Scale for A= | cm, for B and C = 2.4 mm, and for D = 0.85 mm. (A. Drawn by E. Hunter. B—D. Drawn by Sarah Adler.) 


cymule bracteoles ovate to deltate, 10-23 mm long, 6-20 mm wide, those of a pair subequal to 
unequal in size with the larger one 1.1—1.4 times longer than the smaller one, rounded to acute and 
submucronate to mucronate (mucro 0.05—0.3 mm long) at apex, truncate to subcordate to cuneate 
at base, abaxial surface glabrous to + scurfy, rarely with a few antrorsely appressed eglandular tri- 
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chomes along major veins. Inner cymule 
bracteoles narrowly lanceolate to ovate, (1.5-) 
3-6 mm long, 0.9-1.2 mm wide, abaxial sur- 
face glabrous or with a few antrorse eglandular 
trichomes to 0.2 mm long, margin ciliate. 
Flowers sessile, nototribic. Calyx 3-5 mm 
long, lobes triangular to lanceolate to ovate, 
2.2-3.5 mm long, abaxially glabrous or very 
sparsely pubescent with antrorse eglandular tri- 
chomes to 0.2 mm long, margin ciliate. Corolla 
not resupinate, pinkish purple to light red to 
bright red, 35-45 mm long, externally pubes- 
cent with erect to flexuose to retrorse eglandu- 
lar trichomes 0.2—0.5 mm long, tube 19-27 mm 
long, 2.5-3.5 mm in diameter near midpoint, 
gradually expanded distally, upper lip 12-19 
mm long, entire to 2-fid, lower lip 12-18 mm She 
long, 3-lobed, lobes 0.2-1 mm long. Stamens 
20-33 mm long, inserted in proximal or distal 
half of corolla tube, filaments pubescent with 
eglandular trichomes, thecae 1.2—1.6 mm long, subparallel to subperpendicular, overlapping slight- 
ly to superposed (touching or with a gap to 0.7 mm long between thecae); pollen perprolate, 3-col- 
porate, 6-pseudocolpate, interapertural exine reticulate. Style 3343.5 mm long, sparsely pubescent 
with eglandular trichomes, stigma equally 2-lobed, lobes to 0.2 mm long. Capsule 7—8.5 mm long, 
glabrous. Seeds squarish, somewhat flattened laterally, 1.8—2.5 mm long, 1.5-1.9 mm wide, testa 
tuberculate (at least on and near margin), tubercles lacking barbs, sometimes becoming irregular 
and roughened ridges on faces of mature seeds. 

ILLUSTRATION.— Figure 6. 

PHENOLOGY.— Flowering: November—April; fruiting: November—April. 

DISTRIBUTION AND HABITATS.— Coastal regions of Jalisco, Colima, and Michoacan where 
plants occur on rocky hills and stream banks in tropical deciduous or subdeciduous forests (with 
Acacia, Hura, Brosimum, Celaenodendron, Astronium, Bursera, Colubrina, Tabebuia, Forcham- 
meria, Orbignya, and Acalypha) at elevations of 9-100 m (Fig. 7). 

Because of a superficial resemblance of plants from coastal Nueva Galicia to the imperfectly 
known D. inutilis from Guatemala (especially in characters of the cymes and cymules), specimens 
here treated as D. novogaliciana have sometimes been identified with the former name. Study of 
the two known, and somewhat disparate, Guatemalan specimens of D. inutilis reveals that Mexi- 
can and Guatemalan plants can be distinguished by the differences in the following couplet: 


Figure 7. Distribution of D. novogaliciana. 


la.Internodes nearly glabrous to scurfy (i.e., with irregular + trichomelike protuberances ca. 0.01 
mm long); peduncles of cymules 2-13 mm long; abaxial surfaces of outer and inner cymule 
bracteoles, calyx, and corolla eglandular; calyx 3—5 mm long; capsule glabrous: plants occurring 
from 9-100 ta Wester IC ICO. cee cen wsese tesiele eigue > execs Be Ha BETS oo D. novogaliciana 

1b.Internodes + evenly pubescent with flexuose to antrorse to retrorse eglandular trichomes 0.1—0.3 
mm long; peduncles of cymules 1.5-3 mm long; abaxial surfaces of outer and inner cymule 
bracteoles, calyx, and corolla sometimes inconspicuously glandular; calyx 5.2—-5.7 mm long; 


capsule pubescent; plants occurring at about 1200 m in southern Guatemala ....... D. inutilis 
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Hinton’s collection from Michoacan differs from the others by its reduced inner cymule 
bracteoles (1.5 mm long) and more tightly congested cymes. The smaller capsules of this collec- 
tion (4—-5.5 mm long) appear to be immature. 

PARATYPES.— Colima: along Hwy. 200 SE of Cihuatlan, 4.8 mi NW of Puente Miramar near Santia- 
go, 7’ Daniel 2109 (ASU, CAS, MEXU). Jalisco: Playa Cuastecomate at N end of Melaque, 7 Daniel 5279 
(CAS), T Daniel & B. Bartholomew 4877 (CAS, IBUG, K, MEXU); overlooking Cuastecomate Bay at NW 
end of Melaque, ca. 1 mi NW jet. Hwy. 200 to B. de Navidad, T Daniel & M. Butterwick 3235 (CAS, MEXU, 
MICH); Mpio. La Huerta, 2.6 km S de la desviacién a La Manzanilla, KM 11 de la carr. Barra de Navi- 
dad—Pto. Vallarta, E. Lott et al. 2222 (CAS, MEXU); Mpio. Cihuatlan, rio cerca de El] Aguacate, ca. 4 km 
N de la carretera Melaque-Cihuatlan, brecha a Cihuatlan, J. Magallanes 2856 (ASU, MICH); 5 mi WSW of 
Cihuatlan, R. McVaugh 20793 (MICH); near Playa de Cuastecomate, 8 km NW of Navidad, R. Mc Vaugh & 
W. Koelz 1677 (MICH); Barra de Navidad, L. Villareal de Puga 65 (ENCB); Mpio. Barra de Navidad, cerca 
de la Playa Cuastecomate, L. Villareal de Puga 5142 (IBUG). Michoacan: Distr. Coaleoman, Pichilinguillo, 
G. Hinton et al. 15913 (MICH, RSA, SD, US). 


Dicliptera peduncularis Nees in A. de Candolle, Prodr. 11:488. 1847. 


Diapedium pedunculare (Nees) Kuntze, Revis. Gen. Pl. 2:485. 1891. 
TyPE— MEXICO. State Unknown: without locality or date, 4. Aschenborn “pl. exs. n. 449” (fide proto- 
logue; syntype: herbarium not cited); Hidalgo: “prope los Banos” (fide protologue), C. Ehrenberg s.n. 
(syntype: B, destroyed); Hidalgo: “prope los Banos de Azote” (fide protologue), Oct, C. Ehrenberg 1141 
(syntype: B, destroyed; isosyntypes: BM! POM! P! PR! US!). Nees (1847) indicated that he saw speci- 
mens of this species in Aschenborn’s herbarium and at B. Two syntypes (the Ehrenberg collections) were 
specifically cited as being at B and it may be assumed that Aschenborn’s collection was in Aschenborn’s 
personal herbarium. Alwin Aschenborn’s collections are known to be at B, BR, E, JE, KIEL, and W (Lan- 
jouw and Stafleu 1954). The two syntypes at B were destroyed, but until these and other herbaria can be 
searched for the remaining syntype, it seems premature to designate one of the known isosyntypes as lec- 
totype for this species. Also in the protologue, Nees (1847) treated Aschenborn’s collection and that of 
Ehrenberg from “prope los Banos” as an unnamed (“a”) variety whereas Ehrenberg 1141 from “prope los 
Banos de Azote” was treated as a different unnamed (“B’’) variety. 


Perennial herbs to 4 dm tall; cymes sessile to subsessile (peduncles to 3 mm long) from axils 
of leaves (sometimes reduced in size distally); cymules sessile or pedunculate (at least some dis- 
tinctly pedunculate on each plant, peduncles to 90 mm long); outer cymule bracteoles linear to lin- 
ear-lanceolate to oblanceolate to hour-glass shaped, 0.5—3 mm wide, those of a pair unequal in size; 
corolla resupinate 180°, rose-purple to whitish, 8-10 mm long, externally eglandular; capsule 5-6 
mm long, glabrous. 

ILLUSTRATIONS.— Sanchez S. (1979: t. 297C); Daniel and Acosta C. (2003:27); Calderon de 
Rzedowski and Rzedowski (2004:265). 

PHENOLOGY.— Flowering: October—February; fruiting: October—February. 

DISTRIBUTION AND HABITAT.— Endemic to Mexico (Aguascalientes, Distrito F ederal, Guana- 
Juato, Hidalgo, Jalisco, Michoacan, México, Oaxaca, Puebla, San Luis Potosi); plants in Nueva 
Galicia occur in disturbed areas (pastures, roadsides) at elevations of 1300-1920 m (Fig. 5B). 

Daniel (1999) provided a comprehensive description of this species for plants in the Tehuacan- 
Cuicatlan Valley, and Daniel and Acosta C. (2003) described plants from the Bajio Region of cen- 
tral Mexico. The entities recognized by Nees (1847) in the protologue differ in stems and leaves of 
the vegetative portions (hirsute vs. nearly glabrous or at least not hirsute). Variation in stems and 
leaves, encompassing both conditions noted by Nees (1847), can be observed among specimens 
from western and central Mexico. Most plants from Nueva Galicia have stems and leaves either 
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more or less glabrous or sparsely pubescent. Dorado et al. collected plants with white flowers 
(1679) and others with “violet” flowers (/678) from the same population in Jalisco. 

Nueva GALICIA SPECIMENS EXAMINED.— Aguascalientes: Mpio. Calvillo, | km E of Colomos, 
G. Garcia 4107 (IEB). Guanajuato: Mpio. Pénjamo, 17 km W de Pénjamo, R. Galvan & J. Galvan 2339 
(ENCB); Mpio. Purisima, 5 km W de San Angel, R. Galvan & J. Galvan 2433 (ENCB, IEB); Mpio. Purisi- 
ma, Los Tanques, cerca de El Palenque, R. Galvan & J. Galvan 3243 (ENCB); Mpio. Purisima, alrededores 
de Jalpa de Canovas, R. Galvan & J. Galvan 3259 (ENCB, IEB, MEXU, MO); just N of San Francisco del 
Rineén, R. McVaugh 24285 (MICH); vic. of Leon, “Mendez in h. DC.” (GZU). Jalisco: Mpio. Zacoalco de 
Torres, 9 mi N of Zacoalco toward Acatlan, O. Dorado et al. 1678 (CAS, RSA), 1679 (RSA). Michoacan: 
Hwy. 15, 3 mi E Jalisco-Michoacan border in Palo Alto, 7: Daniel 1129 (CAS); Hwy. 110, 16.9 mi W jet. Hwy. 
15 in Jiquilpan, 7. Daniel et al. 3294 (ASU, CAS, MEXU, MO); vicinity of Volcan Paricutin, R. Hakala s.n. 
(MICH); 3 km E and 8-10 km NE of Cotija de la Paz (ca. 1.5 km S of San Francisco) on road to Jiquilpan, 
R. McVaugh 24922 (MICH). 


Dicliptera resupinata (Vahl) Juss., Ann. Mus. Natl. Hist. Nat. 9:268. 1807. 


Justicia sexangularis Cav., Icon. 3:2. 1795, non L. (1753). Justicia resupinata Vahl, Enum. Pl. 1:114. 1804. 

Diapedium resupinatum (Vahl) Kuntze, Revis. Gen. Pl. 2:485. 1891. 
Type.— Not designated (see discussion in Daniel, 1997). 

Dicliptera pseudoverticillaris A. Gray, Proc. Amer. Acad. Arts 20:308. 1885. 
Type.— MEXICO. Sonora: valley of the Altar, 2 Apr 1884, C. Pringle 27 (lectotype, designated by Daniel, 
1997: GH!). 

Dicliptera torreyi A. Gray, Proc. Amer. Acad. Arts 20:309. 1885. Diapedium torreyi (A. Gray) A. Heller, Cat. 
N. Amer. Pl. 7. 1898. 
Type.— UNITED STATES. Arizona: unspecified collections of Thurber, Wright, Schott, Rothrock, Lem- 
mon, and Pringle were cited (syntypes, see discussion in Daniel 1997). 

Dianthera sexangularis Sessé & Moc., Pl. Nov. Hisp. 5. 1887. 
Type.— Icones Florae Mexicanae no. 22. Original plate preserved at Hunt Institute for Botanical Docu- 
mentation, Pittsburgh, Pennsylvania, USA (lectotype, designated by Daniel, 1997). 

Dicliptera formosa Brandegee, Proc. Calif. Acad. Sei., ser. 2, 3:162. 1891. 
Type.— MEXICO. Baja California Sur: summit of Sierra de San Francisquito, 20 Oct 1890, 7. Brandegee 
455 (holotype: UC! isotypes: GH! NY). 

Dicliptera resupinata var. orbicularis B.L. Rob. & Seaton, Proc. Amer. Acad. Arts 28:114. 1893. 
Type.— MEXICO. Jalisco: barranca near Guadalajara, Oct 1891, C. Pringle 5169 (holotype: GH; isotype: 
MEXU!). 


Annual or perennial herbs to | m tall; cymes sessile to pedunculate (peduncles to 50 mm long) 
from leaf axils; cymules sessile to pedunculate (at least some distinctly pedunculate on each plant, 
peduncles to 75 mm long); outer cymule bracteoles reniform to cordate to deltate, 5—11.5 mm wide, 
those of a pair + equal in size; corolla resupinate 180°, pinkish to pink-purple (rarely reported as 
“white”) and sometimes with darker maroon markings on upper lip, 9-12 (—21) mm long, external- 
ly eglandular; capsule 4-6 mm long, glabrous. 

ILLUSTRATIONS.— Wiggins (1980:190); Daniel (1997:33 1). 

PHENOLOGY.— Flowering: October—June; fruiting: October—June. 

DISTRIBUTION AND Hasirats.— Southwestern United States (Arizona, New Mexico) and 
western Mexico (Baja California Sur, Chihuahua, Colima, Durango, Guerrero, Jalisco, Mexico, 
Michoacan, Nayarit, Sinaloa, Sonora, Zacatecas); plants from Nueva Galicia occur in tropical 
deciduous forests, savannahs, oak forests, pine-oak forests, pine forests, and mesophytic montane 
forests at elevations of 20-1500 m (Fig. 8A). Plants often are encountered in naturally (¢.g., along 
watercourses) or artificially (e.g., roadsides) disturbed habitats, and are frequently locally abundant 
or weedy. 
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FiGuRE 8. A. Distribution of Dicliptera resupinata in Nueva Galicia. B. Distribution of D. dtlaspioides in Nueva Galicia. 
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LocaL NAME.— “Organillo” (Howell 10522). 

This widely distributed species exhibits considerable morphological variation with respect to 
the form and abundance of pubescence, degree of reduction or elaboration of the cymes, form of 
the outer cymule bracteoles, corolla size, and seed sculpture. Forms with + contracted cymes are 
sometimes mistaken for D. nervata, which differs by its usually pubescent capsules and outer 
cymule bracteoles that are ovate to widely obovate in shape. Daniel (1997. 2004) provided a com- 
prehensive description of this species, proposed nomenclatural adjustments, and discussed some of 
the morphological variation of D. resupinata in western Mexico. 

NUEVA GALICIA SPECIMENS EXAMINED.— Colima: Colima, C. Orcutt 4527 (DS, MO), s.n. (F); Col- 
ima, E. Palmer 1177 (MICH). Jalisco: Bahia Chamela, ca. 10 km N of Chamela, W. Anderson & C. Ander- 
son 6139 (MICH); south-central Cabo Corrientes, 26 km W of El Tuito, 5 km W of Llano Grande (= 4 km 
E of Los Conejos), ca. 20°18’N, 105°31'W, T. Cochrane et al. 11997 (CAS, MICH); between Magdalena and 
Nayarit border, 11 mi NW of Magdalena, 3 mi N of El Zapote, 7. Croat 45/32 (MO): Hwy. 200 S of Puerto 
Vallarta, 7.6 mi S of El Tuito, 7 Daniel 2072 (ASU, CAS): Hwy. 110 S of Tecalitlan, 3.1 mi N of turn to 
Jilotlan de los Dolores, 7, Daniel 2134 (CAS); Hwy. 200, 0.3 mi N of bridge at Rio San Nicolas, 7 Daniel & 
M. Butterwick 3226 (CAS); ca. 32 km NE of San Sebastian toward Mezquites, 7) Daniel & A. Ton 6072 
(CAS); near Arroyos del Agua, ca. 10 km NW of Huejuquilla el Alto, C. Feddema 2363 (MICH); La Barran- 
ca, Guadalajara, M. Jones 27389 (DS, POM), 27437 (POM), 97385 (MO); Mpio. Tequila, Volcan Tequila, 
1 mi S of Tequila, 4. Liston et al. 633-8 (CAS, RSA); Mpio. La Huerta, Chamela Biological Station: E. Lott 
874 (CAS, MO), /428 (MO); J. Miller et al. 408 (CAS, MO); L. Pérez J. 260 (CAS, MO), 586 (MO): 2 mi 
N of La Cuesta, road to Talpa de Allende, R. Mc Vaugh 2/139 (MICH, US); 3-6 km S of La Huerta. near hwy. 
to Bahia Navidad, R. McVaugh 23045 (MICH); barranca near Los Camachos. hwy. near KM 20 N of Guadala- 
jara, R. McVaugh 24426 (MICH); ca. 12-13 km SW of Pihuamo, 2. MeVaugh 2446] (MICH): Barranca de 
Beltran, 12-15 km NE of Tonila. 2. McVaugh 24950 (MICH); Estacion Biol6gica, UNAM, 8 km E of 
Chamela, R. McVaugh 25/23 (MICH); vicinity of Estacion Biologica, UNAM, 3 km SE of Chamela. 
R. McVaugh 26261 (MICH), 26286 (MICH); Rancho Paraiso, ca. 10 km SE of Chamela, R. McecVaugh 26274 
(MICH); 4 mi N of Tecalitlan, R. McVaugh & W. Koelz 1322 (MICH); 8 mi SW of Pihuamo, R. McVaugh & 
W. Koelz 1514 (MICH); near San Sebastian, Y, Mexia 1662 (CAS, DS, MICH, MO, US); Mpio. Cd. Guzman, 
Laguna de Zapotlan, 6 km N de Cd. Guzman, A. Morones G. 217 (CAS, MICH); 21.7 mi de Chamela rumbo 
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4 Pto. Vallarta. adelante del Rio San Nicolas, L. Pérez J. 338 (CAS, MO); barranca near Guadalajara, 
C. Pringle 6145 (CAS, MICH, MO, POM, US); Barranca of Guadalajara, C. Pringle 11077 (MICH, MO, US): 
Mpio. Zapotitlan, Rancho El Jabali, 25 km (air) NNW of Colima, road to Lago Calabozo, NE of Lago Epa- 
zote, ca. 19°27'N, 103°41'W, A. Sanders et al. 10440 (CAS); near jet. hwys. 15 and 80, W of Lake Chapala, 
B. Templeton 9462 (RSA); Mpio. Zapotitlan, Rancho El Jabali, 22 km NNW of Colima, El Caiién below Hac. 
San Antonio, L. Vazquez V. 496 (RSA); ca. 103°44'W, 19°27'N, El Limon, S. Zamudio et al. 4756 (CAS). 
Michoacan: Mpio. Coalcoman, 29.8 km W de Coalcoman 0 22.6 km E de Villa Victoria, C. Cowan 4913 
(CAS); Mpio. Aquila, bank of Rio de Ostula, /. Hill s.n. (MICH, RSA); Distr. Coaleoman, Aquila, G. Hinton 
et al. 12619 (MICH, MO, RSA, US), 16233 (MICH, RSA, US); Distr. Coalcoman, Coalcoman, G. Hinton et 
al. 12865 (MICH, RSA, US); Distr. Coaleoman, Sierra Naranjillo, G Hinton et al. 15774 (MICH, RSA, US): 
Distr. Coalcoman, Coyre, G Hinton et al. 15882 (MICH, RSA, US). Nayarit: Mpio. Nayar, Colorado de la 
Mora, Arroyo de Los Negros, 150 m NW del poblado, O. Bravo-Bolafios 2189 (MEXU); archaeological site 
along Hwy. 15, E of Ixtlan, ca. 10 mi ESE of Ahuacatlan, 7. Daniel & B. Bartholomew 4787 (CAS); Islas 
Marias. Maria Madre, J. Howell 10522 (CAS); Islas Marias, Maria Madre, H. Mason 1798 (CAS). Zacate- 
cas: Mpio. Moyahua, Cerro Los Pochotes, 9 km S de Moyahua por la carretera Méx 54, tramo Moy- 
ahua—Ixtlahuaca del Rio (Jalisco), E. Enriquez E. and J. Balleza C. 1724 (MEXU). 


Dicliptera thlaspioides Nees in A. de Candolle, Prodr. 11:474. 1847. 


Diapedium thlaspioides (Nees) Kuntze, Revis. Gen. PI. 2:485. 1891. 
Type.— MEXICO. Morelos: “Cordilli¢re de Guchilaque.” [fide specimen; = Cordillera de Huitzilac, near 
Cuernavaca], “America meridionali, ad latus occidentale cordillerae” [fide protologue], L. Berlandier 
1013 (holotype: G ex hb. Moricand, photos: GH! MICH! NY! US! isotype: GZU!). 

Dicliptera pringlei Greenm., Proc. Amer. Acad. Arts 32:302. 1897. 
TypE.— MEXICO, Morelos: lava beds, near Cuernavaca, 3 Nov 1896, C. Pringle 6602 (lectotype, desig- 
nated here: GH! isolectotypes: CAS! K, MEXU! NY! PR! PRC! US!). 


Annual to perennial herbs to 8 dm tall; cymes pedunculate (peduncles 3-25 mm long) from 
axils of leaves (sometimes reduced to bracts distally), forming an open terminal leafy panicle; 
cymules pedunculate (peduncles 10-35 mm long); outer cymule bracteoles widely elliptic to cir- 
cular, 4.4-7 mm wide, those of a pair equal in size; corolla resupinate 180°, whitish to cream with 
pinkish-purple markings on lips, 14-18 mm long, externally eglandular; capsule 6—8 mm long, 
glabrous. 

ILLUSTRATION.— Daniel (1999:25). 

PHENOLOGY.— Flowering: October-December; fruiting: October-December. 

DISTRIBUTION AND HABITAT.— Endemic to Mexico (Guerrero, Jalisco, México, Michoacan, 
Morelos, Nayarit, Oaxaca, Zacatecas); plants in Nueva Galicia occur in tropical deciduous forests, 
oak forests, and disturbed habitats (where sometimes abundant) at elevations of 300-1900 m (Fig. 
8B). 

Daniel (1999) provided a comprehensive description of this species. In the protologue of 
Dicliptera pringlei Greenman (1897) cited two syntypes, the Pringle collection designated above 
as lectotype, and Nelson 2256 (syntype: GH! isosyntype: US!) from near Tlalixtaquilla in Guerrero 
(collected 10 December 1894). 

NuEVA GALICIA SPECIMENS EXAMINED.— Jalisco: Mpio. Tuxcueca, Cerro el Alto, al S de San 
Nicolas. J. Machuca N. 6738 (MICH); 2.5—4 mi N of La Cuesta, rd. to Talpa de Allende, R. McVaugh 21199 
(MICH): above W end of Lake Chapala, midway between Jocotepec and San Juan Cosala, R. McVaugh & 
W. Koelz 384 (MICH); 10 km N de La Cuesta, J. Rzedowski 13132 (MICH); 14-15 mi N of Autlan de Navar- 
ro on road to Guadalajara (Hwy. 80), ca. 19°55’N, 104°15'W, G. Webster & G. Breckon 15986 (GH, MICH, 
MO). Nayarit: 10 mi SE of Ahuacatlan on rd. to Barranca del Oro and Amatlan, R. McVaugh & W. Koelz 737 
(MICH). 


DANIEL: DICLIPTERA OF THE NUEVA GALICIA REGION, WESTERN MEXICO 17 


ACKNOWLEDGMENTS 


[ thank the curators of the following herbaria for access to collections in their care: ASU, 
BIGU, BM, CAS, DS, ENCB, F, GH, GZU, IBUG, IEB, K, MICH, MEXU, MO, NY, P, POM, PR, 
PRC, RSA, SD, US; biological illustration interns Erin Hunter and Sarah Adler for the drawing: 
and Scott Serata, microscopist with the Scanning Electron Microscopy lab at the California Acad- 
emy of Sciences, for pollen images. Field studies and some herbarium visits were made possible 
by funding from the American Philosophical Society (research grant 1572, Johnson Fund in 1982), 
the National Science Foundation (research grant BSR-8609852, 1987-1989), and the California 
Academy of Sciences. My studies of Acanthaceae in Nueva Galicia were initially funded at the 
University of Michigan by Dr. Rogers McVaugh in 1979; I have been most grateful for his kind 
assistance during the years since then. 


LITERATURE CITED 


CALDERON DE RZEDOWSKI, G., AND J, RZEDOWSKI. 2004. Manual de malezas de la region de Salvatierra, Gua- 
najuato. Flora del Bajio vy de Regiones Advacentes, fasc. complem. 20:1—315. 

DANIEL, T.F. 1993. Mexican Acanthaceae: diversity and distribution. Pages 541-558 in T.P. Ramamoorthy et 
al., eds., Biological Diversity of Mexico: Origins and Distribution. Oxford University Press, New York, 
New York, USA. 812 pp. 

DANIEL, T.F. 1995. Acanthaceae. Pages 1-158 in D.E. Breedlove, ed., Flora of Chiapas, pt. 4. California Acad- 
emy of Sciences, San Francisco, California, USA. 

DANIEL, T.F. 1997. The Acanthaceae of California and the peninsula of Baja California. Proceedings of the 
California Academy of Sciences, ser. 4, 49(10):309-403. 

DANIEL, T.F. 1999. Acanthaceae. Pages 1-102 in P.D. Davila A. et al., eds., Flora del Valle de Tehuacan- 
Cuicatlan, fasciculo 23. Universidad Nacional Aut6noma de México, México. 

DANIEL, T.F. 2004. Acanthaceae of Sonora: taxonomy and phytogeography. Proceedings of the California 
Academy of Sciences, ser. 4, 55(35):690-805. 

DANIEL, T.F. 2006. Chromosome numbers of miscellaneous Malagasy Acanthaceae. Brittonia 58:291-300. 

DANIEL, T.F., AND S. Acosta C. 2003. Acanthaceae. Pages 1-173 in J. Rzedowski and G. Calderén de Rze- 
dowski, eds., Flora del Bajio y de Regiones Advacentes, fasciculo 117. Instituto de Ecologia, Patzcuaro, 
México. 

DANIEL, T.F., AND L.A. MCDADE. 2005. Floral resupination in Acanthaceae: taxonomic and geographic distri- 
butions, expression, and possible functions. Botany 2005: Abstracts, Scientific Meeting:137. 
[http://www.2005.botanyconference.org/engine/search/index.php? func = detail&aid = 27] 

DANIEL, T.F.. K. BALKWILL, AND M.-J, BALKWILL. 2000. Chromosome numbers of South African Acanthaceae. 
Proceedings of the California Academy of Sciences, ser. 4, 52(12):143-158. 

DANIEL, T.F., T.1. CHUANG, AND M.A. BAKER. 1990. Chromosome numbers of American Acanthaceae. System- 
atic Botany |5:13-25, 

DANIEL, T.F., B.D. Parfitt, AND M.A. BAKER. 1984. Chromosome numbers and their systematic implications 
in some North American Acanthaceae, Systematic Botany 9:346-355. 

GRAHAM, A. 1993. Historical factors and biological diversity. Pages 109-127 in T.P. Ramamoorthy et al., eds., 
Biological Diversity of Mexico: Origins and Distribution. Oxford University Press, New York, New York, 
USA. 812 pp. 

GREENMAN, J.M. 1897. Descriptions of new and little known plants from Mexico. Proceedings of the Ameri- 
can Academy of Arts and Sciences 32:295—311. 

GREENMAN, J.M. 1903. New and otherwise noteworthy angiosperms from Mexico and Central America. Pro- 
ceedings of the American Academy of Arts and Sciences 39:69-120. 

Lanjouw, J., AND F.A. STAFLEU. 1954. Index herbariorum, pt. 2, collectors A-D. Regnum Vegetable 2:|—174. 

LEONARD, E.C. 1941. New Acanthaceae from Guatemala. Journal of the Washington Academy of Sciences 
31:96-105. 


18 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, No. | 


McDape, L.A., T.F. DANIEL, S.E. MASTA, AND K.M. RiLtey. 2000. Phylogenetic relationships within the tribe 
Justicieae (Acanthaceae); evidence from molecular sequences, morphology, and cytology. Annals of the 
Missouri Botanical Garden 87:435—-458. 

McVauGH, R. 1983. Flora Novo-Galiciana, a Descriptive Account of the Vascular Plants of Western Mexico, 
vol. 14, Gramineae. The University of Michigan Press, Ann Arbor, Michigan, USA. 436 pp. 

MIRANDA, F. 1944. Tres nuevas gamopetalas del S.O. del estado de Puebla. Anales del Instituto de Biologiade 
la Universidad Nacional de México 15:27-34. 

NEES VON ESENBECK, C.G, 1847. Acanthaceae. Pages 46-519 in A. de Candolle, ed., Prodromus Systematis 
Naturalis Regni Vegetabilis XI. Victoris Masson, Paris, France. 519 pp. 

RzeEDowSKI, J.. AND R. McVAuGH. 1966. La vegetacion de Nueva Galicia. Contributions from the University 
of Michigan Herbarium 9:1—123. 

SANCHEZ S., O. 1979. La Flora del Valle de Mexico. Editorial Herrero, Cd. México. 519 pp. 

ToLepo, V.M., J. RZEDOWSKI, AND J. ViLLA-LoBos. 1997. México. Pages 97-107 in S.D. Davis et al., eds., 
Centres of Plant Diversity, Volume 3, The Americas. [UCN Publications Unit, Cambridge, UK. 562 pp. 

Wicains, I. 1980. Flora of Baja California. Stanford University Press, Stanford, California, USA. 1025 pp. 


Copyright © 2009 by the California Academy of Sciences 
San Francisco, California, U.S.A. 


PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 


Series 4, Volume 60, No. 2, pp. 19-22, 2 figs. May 7, 2009 


Justicia cuixmalensis, a New Species of Acanthaceae 
from West-central Mexico 
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A collection from the Chamela-Cuixmala region of southwestern Jalisco, Mexico is 
described as a new species, Justicia cuixmalensis. It is distinctive among Mexican 
Justicia by the combination of its flowers that are borne on peduncles and pedicels 
in the leaf axils, possess a 4-lobed calyx with broad and ovate lobes, and have red- 
orange corollas. Infrageneric affinities of the new species are discussed, and illustra- 
tions of it are provided. 


Se describe una coleccién de la regi6n de Chamela-Cuixmala en el sudoeste de Jalis- 
co, México como especie nueva, Justicia cuixmalensis. Se distingue entre otras 
especies de Justicia en México por la combinacién de sus flores que se presentan en 
las axilas de las hojas en pedunculos y pedicelos, posean un caliz 4-lobulado con los 
lobulos amplios y ovales, y tiene corollas rojo-anaranjadas. Las afinidades infra- 
genéricas de la nueva especie se discuten, y se proporciona una ilustraci6n. 


Justicia L. is the largest genus of Acanthaceae with more than 700 species currently recog- 
nized worldwide. More than 100 species are known from Mexico, and numerous others have been 
collected there, but have yet to be described (Daniel 2007). One of these from the Chamela-Cuix- 
mala region on and near the Pacific coast of Jalisco is described below. The sole collection of this 
species was recognized as representing a distinctive and previously undescribed Justicia by us in 
the early 1990s. Because the collection lacks fruits, we delayed publishing a description in the hope 
that additional collections with fruits would become available. That has not happened. Because of 
the distinctiveness of this species among Mexican Justicia, and the need to treat it in various inven- 
tory projects, we feel that it should be published based on the single known collection, 

Lott (1993, 2002) discussed the location and boundaries of the ca. 13,142-hectare Reserva de 
la Biosfera Chamela-Cuixmala of southwestern Jalisco, and subsequently accounted for 1,149 
species of vascular plants there (Lott 2002). The region, which is dominated by tropical deciduous 
forest, is particularly rich in Acanthaceae. Twenty-eight species of the family have been recorded 
from the Chamela-Cuixmala region (Lott 1993, 2002), including nine species of Justicia. 


Justicia cuixmalensis T.F. Daniel & E.J. Lott, sp. nov. 
Type.— MEXICO. Jalisco: Mpio. La Huerta, Rancho Cuixmala, rd. to Cumbres along Rio Cuixmala 
near Cumbres 2, 19°27'N, 104°56'W, 12 Jul 1991, E. Lott et al. 3733 (holotype: CAS! isotype: MO!). 
Figure I. 


Frutex usque ad 7.5 dm altus. Folia petiolata, laminae ovatae vel ellipticae, 16-39 mm longae, 
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FiGuRE 1. Justicia cuixmalensis (Lott et al, 3733). A. Habit. B. Node with peduncles, C, Bracteole. D. Calyx lobe. E. 
Flower. F. External surface of corolla. G. Distal portion of stamen with anthers. Scale for A = 9 mm, for B = 2 mm, for C = 
1.8 mm, for D = 4.2 mm, for E = 7.5 mm, for F = 0.5 mm, and for G = 1.2 mm. Drawn by Nicole Bollinger. 


10-20 mm latae, 1.4-2.5-plo longiores quam latiores. Flores e foliorum axillis orta, solitarii, 
pedunculati et pedicellati. Calyx 4-lobus, 8.5-14 mm longus, lobis homomorphis, ovatis, 
2.55.1 mm latis. Corolla aurantiaca-rubra, 32-37 mm longa, extus pubescens trichomatibus glan- 
dulosis et eglandulosis, Stamina 15-18 mm longa, thecis 1.8—2.5 mm longis, glabris, subpariter 
insertis, basi ecalcaratis. Pollen granae 2-aperturatae. Capsula ignota. 


Shrub to 7.5 dm tall: young stems quadrate, bifariously pubescent with retrorse, eglandular tri- 
chomes 0.2—0.7 mm long. Leaves petiolate; petioles to 3 mm long; blades ovate to elliptic, 
16-39 mm long, 10-20 mm wide, 1.4—2.5 times longer than wide, rounded to acute to subacumi- 
nate at apex, rounded to acute at base, surfaces sparsely pubescent (mostly along major veins) with 
antrorse, eglandular trichomes to 0.3 mm long. Flowers solitary, pedunculate and pedicellate, oppo- 
site in leaf axils, peduncles 3-11 mm long, evenly pubescent with cauline type trichomes, pedicels 
to 3.5 mm long, pubescent like peduncles. Bracteoles lance-linear to linear (to linear-elliptic), 
3-6 mm long, 0.3-0.7 (—1.2) mm wide, abaxial surface glabrous or pubescent proximally with 
antrorse eglandular trichomes. Calyx 4-lobed, 8.5—14 mm long, lobes ovate, 8-13.5 mm long, 
2.5-5.1 mm wide, abaxially pubescent like bracteoles. Corolla orange-red, 32-37 mm long, exter- 
nally pubescent with glandular and eglandular trichomes 0.1—0.2 mm long, tube 15-17 mm long, 
distally ampliate, upper lip 15-18 mm long, apically entire, lower lip 15-19 mm long, lobes 
34.5 mm long, 3-4 mm wide. Stamens 15—18 mm long, filaments glabrous, thecae subequally 
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FiGure 2. Distribution and pollen of Justicia cuixmalensis. A. Map of west-central Mexico showing the Nueva Galicia 
region and location of the sole collection of the species. B. Pollen (Lot et al. 3733), apertural view. 


inserted, subsagittate, 1.8-2.5 mm long, glabrous, lacking basal appendages; pollen (Fig. 2B) 
2-aperturate, apertures flanked on each side by 2 rows of insulae (often with adjacent peninsulae 
as well), exine between “trema regions” reticulate. Style 33-37 mm long, glabrous, stigma 
0.2—0.3 mm long, lobes indistinct. Capsules not seen. 

PHENOLOGY.— Flowering: July: fruiting: unknown. 

DISTRIBUTION.— West-central Mexico (Jalisco; Fig. 2A); plants occur in tropical subdecidu- 
ous forest at elevations less than 100 meters. 

Justicia cuixmatlensis is distinctive among Mexican Justicia by its 4-lobed calyx with broad, 
ovate lobes. Putative relatives are not readily apparent. Based on Graham’s (1988) infrageneric 
classification, the species shows some similarities (e.g., habit and corolla color and size) to those 
in the American section Drejerella (Lindau) V.A.W. Graham. It differs from her description of that 
section by its 4-lobed (vs. 5-lobed) calyx, lack (vs. presence) of thecal appendages, and 2-apertu- 
rate (vs. 3-aperturate) pollen. It also shows affinities to the American section Simonisia (Nees) 
V.A.W. Graham (¢.g., habit, number of pollen apertures, and corolla form and size). Species includ- 
ed in that section differ by having 5-lobed calyces and purple to lilac corollas. Graham’s classifi- 
sation fails to accommodate numerous other species of Justicia from the New World (e.g., Daniel 
1999, 2004). Ultimately, its inflorescence structure (for solitary flowers, Graham apparently only 
found sessile ones in the genus) and the lack of capsules and seeds limit comprehensive morpho- 
logical comparisons to other species of Justicia. 
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A Honey Bee from the Miocene of Nevada and the 
Biogeography of Apis (Hymenoptera: Apidae: Apini) 
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The first fossil honey bee (Apini: Apis Linnaeus) from the New World is described 
and figured, expanding the former native range of the tribe Apini into the Western 
Hemisphere. Apis nearctica sp. nov., is represented by a single female worker pre- 
served in paper shale from the Middle Miocene of Stewart Valley, Nevada. The 
species belongs to the armbrusteri species group (= Cascapis Engel) and is most sim- 
ilar to the extinct species A. armbrusteri Zeuner from the Miocene of southwestern 
Germany. The species is described and its affinities discussed, as well as its implica- 
tions for our understanding of honey bee and corbiculate bee biogeography and evo- 
lution. 


Keyworpbs: Apis, honey bees, Nearctic, Nevada, Tertiary, taxonomy, biogeography 


The honey bees (Apini: Apis Linnaeus) are the most famous of all bees, and among the most 
familiar of all invertebrates, particularly the nearly ubiquitous western honey bee, Apis mellifera 
Linnaeus. This conspicuous lineage of social pollinators has had a long and intimate history with 
man, depicted in Late Paleolithic cave paintings such as Cuevas de la Araiia of the Spanish Levant 
(near Valencia, Spain) in which men are portrayed collecting honey combs. Early religions of all 
variety sought inspiration from honey bees and venerated colonies for the sweet substance they 
produced. Not surprisingly, early on in human history domestication of Apis was achieved, usual- 
ly housing the vertical, waxen combs within wooden boxes or more commonly cylinders made of 
clay or mud (e.g., Crane 1983, 1999). By the time of the Minoan Civilization there are documents 
in the ancient script “Linear B” of major honey stores indicative of significant beekeeping opera- 
tions and honey trade, and Egyptian beekeeping operations are depicted on tomb paintings from 
even earlier eras, similarly within the ancient Near East such as Sumeria, Assyria, Babylonia, and 
the Hittite Kingdom centered at Bogazkéy. Indeed, ancient Talmudic laws compiled by Jewish 
scribes during their captivity in Babylon (“The Exile”, 597-539 B.C.) discuss topics ranging from 
the harvesting of honey on the Sabbath to the proper placement of hives in relation to human domi- 
ciles. Early man found that honey bees were not present in some regions, such as Australia, most 
Oceanic Islands (e.g., Micronesia, Polynesia), and the New World. For some cultures such isola- 
tion from the fruit of honey bee labors was of little consequence, but for nearly all of those who 
developed alongside one or more species of Apis this insulation was intolerable. Accordingly, near- 
ly everywhere humans spread, domesticated colonies of honey bees shortly followed such that 


23 


24 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, No. 3 


today species of Apis, particularly A. mellifera, can be found feral or domesticated in nearly any 
region of the World. 

In 1622 the first hives of A. mellifera mellifera were introduced into the eastern United States, 
followed shortly thereafter by hives of 4. mellifera ligustica Spinola and other subspecies. Early 
reports of honey bees in the Central American regions of the New World were based on misiden- 
tifications with stingless bees of the genus Melipona Illiger (e.g., Hernandez 1648), with authors 
of the era rightly noting that honey bees had been transported with colonists to the New World (Jos- 
selyn 1674). More than a century later this history apparently had been forgotten and debates began 
to rage over the nativity of honey bees in the Americas, with some authors considering the feral 
North American populations as specifically distinct from their native European counterparts (¢.g., 
Belknap 1792) although most correctly recognized them as merely introduced (e.g., Barton 1793). 
Indeed, U.S. President Thomas Jefferson even noted in his Notes on the State of Virginia that the 
Native American populace referred to honey bees as the “white man’s fly” and that this unfamiliar 
insect served as an advance signal of encroaching European settlements (Jefferson 1787). Despite 
the error of Belknap and some of his contemporaries regarding the nativity of A. mellifera in the 
nascent United States, these authors were unwittingly correct in believing the genus Apis to have 
been otherwise native in the Americas. Although all native records of living and fossil honey bees 
have hitherto come from Europe, Africa, or Asia, and all evolutionary hypotheses based strictly 
within this Old World framework (e.g., Ruttner 1988; Engel 1998), a recent discovery from the 
western United States dramatically rewrites the history of Apis and our understanding of honey bee 
biogeography. Herein we describe the first fossil honey bee from North America, the first of its 
tribe for the Western Hemisphere and allied to a species previously known from roughly contem- 
poraneous deposits in southwestern Germany. All previous fossils of Apis have come from within 
the range of the modern species; either from the Oligocene-Miocene of Europe or the Miocene of 
Asia (Engel 1998, 1999, 2006), with Late Quaternary records of modern A. mellifera in East 
African copal (Zeuner and Manning 1976) and putative 4. cerana combs in caves from Malaysia 
(Stauffer 1979). Lastly, we provide a brief overview of honey bee and corbiculate bee evolution 
and biogeography from the perspective of this revised geological history. 


MATERIAL AND METHODS 


The specimen described and discussed herein was recovered from the Late Barstovian (ca. 
1414.5 Ma) paper shales of the Stewart Valley Basin in west-central Nevada. A total of 117 
Hymenoptera recovered from the site are in the California Academy of Sciences collection. Most 
are ants (Formicidae, 80 specimens), followed by ichneumonids (14), braconids (9), diapriids (7), 
and vespids (2), with single specimens of Proctotrupidae, Tiphiidae, Aculeata indeterminate, Para- 
sitica indeterminate, and the Apis reported herein. Overall the hymenopteran diversity is consistent 
with other Neogene localities, and the large number of diapriids suggests a well forested environ- 
ment. 

Morphological terminology in the following descriptions follows that used elsewhere for bees 
(e.g., Engel 2001a; Michener 2007; Tan et al. 2008). The taxonomy of honey bees has been in flux 
for many years, with numerous superfluous synonyms and subspecific names (c.g., Engel 1999, 
with some updates provided by Engel 2003, 2006, unpubl. data; Radloff et al., in review) and any- 
where from four to 24 species recognized in as many as three separate genera (c.g., Gerstacker 
1862, 1863: Smith 1865; Ashmead 1904; Buttel-Reepen 1906; Enderlein 1906; Skorikov 1929a, 
1929b: Maa 1953: Ruttner 1988; Engel 1999). The system and characters used herein follows that 
of Engel (1998, 1999, 2006), which recognizes seven modern species (Fig. 1). 
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FIGURE 1. Modern honey bee diversity — a) Apis (Apis) mellifera Linnaeus: b) A. (4.) koschevnikovi Enderlein; c) A. (4.) 
nigrocincta Smith; d) A. (4.) cerana Fabricius; e) A. (Megapis) dorsata Fabricius; f) A. (Micrapis) florea Fabricius; g) A. 
(M.) andreniformis Smith. All specimens to same scale. 


SYSTEMATIC PALEONTOLOGY 


Tribe Apini Latreille 
Genus Apis Linnaeus 


Subgenus Cascapis Engel 


Hauffapis Armbruster, 1938a: 37. Nomen invalidum. 
Cascapis Engel, 1999; 187. Type species: Apis armbrusteri Zeuner, 1931, by original designation. 


DIAGNOsIs.— Honey bees of average size (forewing lengths about 9 mm, similar in proportion 
to modern A. mellifera or A. cerana Fabricius) with the derived condition of the basal vein distad 
cu-a by distance equivalent to about cu-a length or more, but retaining the ancestral condition of a 
relatively large third submarginal cell in which the anterior border (along the marginal cell) is wide 
and the posterior-apical angle is relatively broad (ranging from slightly so in the new species to 
more dramatically so in A. armbrusteri). The hind wing primitively possesses the distal abscissa of 
M (independently lost in Micrapis and A. mellifera). 

INCLUDED SPECIES.— Apis armbrusteri Zeuner, 1931 (Miocene of Europe: Béttingen Marmors 
and Randecker Maars, Wiirttemburg, southwestern Germany) and A. nearctica sp. nov. (Middle 
Miocene of North America: Stewart Valley, Mineral County, central western Nevada). 
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Key to Species of Cascapis 


1. Metabasitarsus about 1.6 times as long as wide: mesoscutellum very light brown (perhaps red- 
dish brown in life), contrasting with dark brown mesoscutum (Fig. 2); pleura light brown; labrum 
yellow: second free abscissa of Rs strongly arched [western North America, Middle Miocene] 

fp siphs Snioe. Ratwes ae x lhe eM ee Rea bsg RAN DG eee ee eS eee a A. nearctica sp. nov. 
Metabasitarsus about twice as long as wide (1.9—2.2 times as long as wide); mesoscutellum con- 
colorous with mesoscutum (apparently dark brown); pleura dark brown; labrum dark brown; sec- 
ond free abscissa of Rs weakly curved or nearly straight [northern Europe, Early to Middle 
PVETORIS oat 5 Waa acngee as @ dude bande ns MBDA Bem, eer he rte awn eo ig A, armbrusteri Zeuner 


Apis (Cascapis) nearctica, Engel, Hinojosa-Diaz, and Rasnitsyn, sp. nov. 
Figures 2—6 


DiAGNosis.— Similar to A. armbrusteri but can be separated by the shorter metabasistarsus, 
the contrasting integumental coloration of the mesoscutum and mesoscutellum, the light brown 
pleura, the yellow labrum, and the strongly arched second free abscissa of Rs (a feature that also 
differs from many modern Apis) (vide Key, supra). The species can be further distinguished from 
all other honey bees by the apparent reduction of the supraclypeal area in which the antennal toruli 
abut the basal clypeal margin, without evidence of the short, subantennal sulci in modern Apis 
species (admittedly this condition has not been documented for other fossil honey bees and is not 
easily visible in the specimens of A. armbrusteri seen, it may also be the same condition, or at least 
similar, in A. henshawi). The hind wings of A. nearctica and A. armbrusteri are virtually identical. 

DESCRIPTION.— Female (worker). Head length (as measured from top of vertex to median 
clypeal apex) 3.38 mm, head width 3.33 mm; scape length 1.48 mm; mandible length 1.33 mm, api- 
cal width 0.54 mm: mesoscutal length 3.00 mm, width 2.75 mm; mesoscutellar length 0.67 mm; 
forewing length (as preserved, apicalmost portion missing) 7.83 mm (perhaps 9.0—9.2 mm in total 
length in life), maximum preserved width 2.83 mm; hind wing length (as preserved, apicalmost por- 
tion missing) 4.17 mm; mesobasitarsus length 1.58 mm, width 0.75 mm; metatibia (corbicula) 
length 2.88 mm, maximal width 1.08 mm; metabasitarsus length 2.08 mm, width 1.25 mm); first 
metasomal tergum length 1.75 mm, width 4.00 mm (perhaps distorted from being flattened as it 
appears somewhat outstretched). Head slightly longer than wide, dark brown except as indicated; 
scape elongate and dark brown; malar space elongate, nearly as long as clypeal medial length; 
antennal toruli apparently abutting clypeal basal margin. Compound eyes oblong, with inner mar- 
gin concave, densely covered in elongate setae (most easily visible under thin layer of distilled 
water to increase contrast). Clypeus broader than long, widest at tangent of mandibular articulation, 
apical margin gently concave, dark brown in color. Labrum much broader than long, apical margin 
gently concave, yellow in color (Figs. 3a, 5a). Mandible spatulate (with broad basal articulation, 
narrow mid-region, and apically expanded distal third), margins obliquely truncate, without denti- 
tion, inner surface with evident median and posterior keels (sensu Maa 1953) (Figs. 3b, 5b), outer 
surface apparently without sculpturing; basal half brown, apical half yellow. Pleura apparently light 
brown; mesoscutum dark brown, contrasting with relatively bulbous and light brown mesoscutel- 
lum; metanotum and propodeum not evident. Legs light brown; metatibia with corbicula developed 
on outer surface (corbicula sensu Engel 2001a, not the broader concept of Michener 1999), with 
well-defined rastellum present (rastellar comb setae on inner apical margin of metatibia evident in 
dorsal view extending beyond apex) (Figs. 4c, 5c), apical spurs absent; metabasitarsus with well- 
defined auricle present on basal margin (Figs. 4b, 5d), at least four pollen brush rows evident on 
inner surface (Fig. 5d), metabasitarsus about 1.6 times as long as wide, about 0.72 times length of 
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FiGure 2. Holotype worker of Apis (Cascapis) nearctica sp. nov. (CAS #236) as preserved. 


metatibia (versus about twice as long as wide and 0.67 times length of metatibia in.A. armbrusteri); 
pretarsal ungues stout, simple; arolium present and large (Fig. 4a). Metasoma typical for worker 
honey bee; apical margins of terga relatively straight, terga uniformly colored and brown except 
medioapical surface of first metasomal tergum lighter and apparently slightly concave; sting evi- 
dent and straight, with at least a few distinct barbs or serrations along one lancet (Fig. 5e). 
Forewing with venation typical of Apis and subgenus Cascapis; basal vein separated from |cu-a 
by distance nearly equivalent to |cu-a length; first submarginal cell smallest, with first free abscis- 
sa Rs sinuate (rather than relatively straight); r-rs shorter than anterior margin of second submar- 
ginal cell; second submarginal cell trapezoidal in overall shape, with Irs-m relatively straight and 
strongly slanted apically such that posterior border of cell is slightly more than three times length 
of anterior border; third submarginal cell relatively broad anteriorly, with 2rs-m relatively straight 
for nearly its entirely length before distinctly curving to meet M (Figs. 3, 6), lacking aRs, (sensu 
Tan et al. 2008). Hind wing with typical Apis venation, with distal abscissa M present (Fig. 6). 

HOLotype.— Female (worker); #236, USA: Nevada, Mineral County, Stewart Valley, Cal 
State Site, UTMG [Universal Transverse Mercator Grid]: Zone 11, 418.170 Ex 4#771.640 N, 
38°35'29"N x 117°56'24" W, Middle Miocene, Late Barstovian (ca. 14-14.5 Ma) paper shales: 
deposited in the Department of Entomology, California Academy of Sciences, San Francisco, Cal- 
ifornia. 
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Ficure 3. Details of holotype worker of Apis (Cascapis) nearctica sp. nov. (CAS #236) — a) head; b) detail of right 
mandible; c) forewing. 


EtryMoLoGy.— The specific epithet is based on the native geographic location of the species 
in the Nearctic region. 

REMARKS.— Although the bee itself is largely disarticulated (Fig. 2), the structures are pre- 
served with remarkable fidelity and nearly every sclerite can be found on the small slab. The head 
has become entirely dislodged from the body, with the right antenna missing and the left preserved 
only by the scape. The mandibles have been pulled widely open and the right has become disartic- 
ulated and lies partly overlapping the mesosoma (Fig. 3b). The left mandible is twisted in position 
but remains somewhat attached to the head capsule but is directed upward and away at an oblique 
angle (Fig. 3a). The labiomaxillary complex is partly extended. The mesosoma can only be seen in 
dorsal aspect and is directed away from the head such that the right mandible and apex of the glos- 
sa overlap the enlarged mesoscutellum and the posterior border of the mesoscutum. The left tegu- 
la can be discerned but the other is apparently missing. The pronotum can only be barely seen and 
the metanotum and propodeum are entirely obscured from view by the mesoscutellum. Some dam- 
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FiGure 4. Details of holotype worker of Apis (Cascapis) nearctica sp. nov. (CAS #236) — a) mesotarsus and meso-pre- 
tarsus; b) metabasitarsus and first article of metamediotarsus, portion of hind wing can be seen preserved beneath the metab- 
asitarus; c) corbicula. 


aged sclerites that are difficult to interpret to the left of the mesosoma may represent fragments of 
pleural sclerites. The abdomen is entirely exploded with the dorsal and anterior-facing surfaces of 
the first metasomal tergum slightly offset to the left of the posterior of the mesosoma (F ig. 2). The 
remainder of the abdomen is twisted in lateral position and pulled away from the first metasomal 
segment, while simultaneously twisted back anteriorly such that the successive segments curl back 
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FIGURE 6, Wing venation of Apis (Cascapis) nearctica 
sp. nov. (CAS #236); forewing above, hind wing below. 


toward the anterior of the mesosoma (Fig. 2). 
The sting is faintly preserved but can be dis- 
cerned at the apex of the abdominal scerlites. 
\ Legs components are scattered over the slab as 
; FIGURE 5. Line illustrations of holotype worker of Apis are the wings. A relatively complete forewing 
Conan sp. nox (CAS 236)"a) heal an gs between the fist metasomal tergum and the 
¢) sting. Seale bars = 1 mm. second abdominal segment (Figs. 2, 3c), while 
a hind wing, very faintly impressed, is pre- 
served in line with, and partly underneath, an isolated metabasitarsus and second metatarsomere 
alongside the second and third abdominal segments (Figs. 2, 4b). A metatibia and metafemur lie 
disarticulated alongside the anterior of the mesosoma (Figs. 2, 4c). Other leg fragments lay further 
away from the concentration of body components (e.g., Fig. 4a). All in all, the specimen is remark- 
ably complete, albeit not in one piece nor as the bee clearly functioned in life. 
The third submarginal cell is a bit more elongate posteriorly in A. nearctica than that seen in 
A. armbrusteri, resulting in 2rs-m being distinctly arched at its posterior-apical corner, while this 
is very weakly curved in the latter species. This might indicate more affinity with the crown-group 
honey bees, but in the absence of more corroborating characters we cannot definitively place 
A. nearctica closer to the Micrapis + Megapis + Apis s.str. clade and have accordingly retained it 
within Cascapts. 


Apis (Cascapis) armbrustert Zeuner 


Apis armbrusteri Zeuner, 1931:292; Statz, 1934:7; Armbruster, 1938a:12, 45: Statz, 1941:102; Roussy, 
1937:65: Statz, 1944:65; Maa, 1953:631, 633; Kelner-Pillault, 1969a:89; Kelner-Pillault, 1969b:525; 
Zeuner and Manning, 1976:244; Culliney, 1983:34; Ruttner et al., 1986:348—350; Ruttner, 1988:26—30; 
Zhang, 1990:87; Petrov, 1992:361; Ruttner, 1992:138—140; Michener, 1990: 140; Hong and Miao, 1992:2; 
Lutz, 1993:183—184, 188, 191, 192: Michener, 1997:28; Engel, 1998:266, 276-279: Engel, 1999:187; Nel 
et al., 1999:261; Engel, 2000:224; Michener, 2000:807; Engel, 2001b:115; Engel, 2002:5; Kotthoff, 
2005:4, 17-18, 24-25; Engel, 2006:3, 6, 7; Michener, 2007:831; Tan et al., 2008:680. 

Hauffapis scheuthlei Armbruster, 1938a:43; Maa, 1953:632; Culliney, 1983:34. 

Hauffapis scheeri Armbruster, 1938a:43; Maa, 1953:632; Culliney, 1983:34. 

Hauffapis scharmanni Armbruster, 1938a:44; Maa, 1953:632; Culliney, 1983:34. 

Hauffapis scheeri variety gallauni Armbruster, 1938a:45; Maa, 1953:632. 

Hauffapis scheeri variety rahdei Armbruster, 1938a:45; Maa, 1953:632. 

Hauffapis scheuthlei variety seemanni Armbruster, 1938a:45; Maa, 1953:632. 
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Hauffapis scheuthlei variety zeuneri Armbruster, 1938a:45; Maa, 1953:632. 

Apis (Apis) armbrusteri armbrusteri Zeuner; Zeuner and Manning, 1976:245; Burnham, 1978:123: Culliney, 
1983:34; Zhang, 1990:87; Hong and Miao, 1992:2; Nel et al., 1999:261. 

Apts (Apis) armbrusteri scharmanni (Armbruster); Zeuner and Manning, 1976:246: Burnham, 1978:123: 
Culliney, 1983:34; Zhang, 1990:88; Hong and Miao, 1992:2: Nel et al., 1999:261. 

Apis (Apis) armbrusteri scheeri (Armbruster); Zeuner and Manning, 1976:247; Burnham, 1978:123: C ulliney, 
1983:34; Zhang, 1990:88; Hong and Miao, 1992:2; Nel et al., 1999:261. 

Apis (Apis) armbrusteri: scheuthlei (Armbruster); Zeuner and Manning, 1976:247; Burnham, 1978:123: 
Culliney, 1983:34; Zhang, 1990:88; Nel et al., 1999:261. 

Apis armbrusteri cheuthlei Hong and Miao, 1992:2. Lapsus calami. 

Apis scheeri (Armbruster); Schweigert and Bechly, 2001-4. 

Apis scheuthlei (Armbruster); Schweigert and Bechly, 2001:4. 

Apis scharmanni (Armbruster); Schweigert and Bechly, 2001:4. 


DIAGNOsIS.— Refer to key and diagnosis for 4. nearctica (vide supra). 

REMARKS.— Apis armbrusteri was described by Frederick E. Zeuner (1931) based on a 
“swarm” of worker bees preserved on a slab of thermal limestone from near Béttingen in the 
Swabian Alb, Wiirttemburg, Germany. This area bordered a Miocene volcanic crater and which 
apparently had hot springs formed within fissures releasing carbon dioxide, into which the bees had 
apparently fallen and perished. In the same area and time period of Wiirttemberg was a somewhat 
larger crater which formed a lake, the Randecker Maar. Shales of the Randecker Maar have pre- 
served a wide diversity of fossils, including an abundance of insects (e.g., Schweigert and Bechly 
2001; Kotthoff 2005). Wilhelm Scheuthle initially discovered bees at the Randecker Maar in 1926 
and was joined in the hunt for more by Ludwig Armbruster in 1928, A large number of specimens 
were accumulated and in 1938 Armbruster published an account of their material, describing three 
separate species and several subspecies for each minor variation in size and shape which they had 
discovered such that nearly everyone who participated in their digs was honored with a patronym. 
The variation described by Armbruster (1938a, 1938b, 1938c) certainly falls well within the range 
seen within modern honey bee species (sometimes even within a single population or colony!) and 
there can be no justification for the fine distinctions Armbruster drew for recognizing so many, 
nearly identical species from an area of less than 50 square miles (including the Béttingen materi- 
al and locality). Unfortunately, Armbruster’s account of the honey bees from Randecker Maar is 
fraught with errors and cannot be relied upon. Despite the assertions of Zeuner (1931) and Arm- 
bruster (1938a, 1938b, 1938c), unfortunately perpetuated by Maa (1953), the compound eyes are 
not bare, the mouthparts are not weakly developed, and the mesoscutum does not overlap the 
mesoscutellum. Zeuner and Manning (1976) rightly synonymized the various species of Arm- 
bruster but unfortunately retained some of his taxa as subspecies. These were later synonymized 
by Engel (1999). The Lower Miocene Apis from the Most Basin, Czech Republic reported by 
Prokop and Nel (2003) appears to be a specimen of A. armbrusteri, as do “species” D, E, F, and H 
of Nel et al. (1999), 


DISCUSSION 


Honey bees comprise one of four remarkably apomorphic, living tribes of corbiculate apine 
bees (Engel 2001a; Michener 2007), the others being the highly cusocial Meliponini (stingless 
bees), the primitively eusocial Bombini (bumble bees), and the communal or solitary Euglossini 
(orchid bees). A further three tribes — Melikertini, Electrapini, and Electrobombini — are known 
only from as recently as the Eocene (Engel 2001a). Apini are most closely related to the stingless 
bees (Meliponini) and melikertine bees (Engel 2001a:; Schultz et al. 1999, 2001; Cardinal and 
Packer 2007). Like each of the corbiculate tribes, numerous apomorphies support the monophyly 
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of Apini and nearly all of those TABLE 1: Classification of living and fossil honey bees (Apini: Apis). 

observable in the worker caste ; — 
are readily visible in the fossil 
discussed herein — compound 


—Tribe APINI Latreille- 
Genus Apis Linnaeus (s. lato) 
henshawi species group (+Priorapis Engel. *Svnapis Cockerell) 


rs 


eye covered in dense, long +4. vetusta Engel 
setae; worker mandible lack- +A. henshawi Cockerell 
ing dentition; metatibia with- +A. petrefacta (Riha) 
out spurs or penicillum; inner +A. miocenica Hong 
surface of metabasitarsus with +A. “longtibia” Zhang 


+A. “Miocene 1” 

armbrusteri species group (tCascapis Engel) 
+A. armbrusteri Zeuner 
TA. nearctica, Sp. NOV. 

florea species group (Micrapis Ashmead) 


brush combs rows of setae; 
forewing marginal cell clon- 
gate, with rounded apex set off 
from wing margin, Irs-m and 


2rs-m strongly angled respec- A. florea Fabricius 

tive to M; sting straight and A. andreniformis Smith 

barbed. Thus, despite the over- dorsata species group (Megapis Ashmead) 
all fragmentary nature of the +A. lithohermaea Engel 

specimen, a remarkable diver- A. dorsata Fabricius 


mellifera species group (Apis Linnaeus Ss. stricto) 
mellifera subgroup 
A. mellifera Linnaeus (Apis Linnaeus s. stvictissimo) 
cerana subgroup (Sigmatapis Maa) 
A, cerana Fabricius 


sity of features are finely pre- 
served permitting a confident 
attribution of the specimen not 
only to genus but permitting 


diagnosis of the species. A. nigrocincta Smith 
Nonetheless, it is greatly A. koschevnikovi Enderlein 


hoped that further and more 

complete, or at least fully articulated, specimens will be recovered in time. Among living Apis the 
wing venation of the giant honey bees (Megapis Ashmead) retain the most plesiomorphies, hence 
it is little wonder why the venation of A. dorsata Fabricius and A. lithohermaea Engel are reminis- 
cent in some respects to those of A. armbrusteri and A. nearctica in regard to the width of the ante- 
rior border of the third submarginal cell in the forewing and the presence of the distal abscissa of 
M in the hind wing. 

The presence of Apis in North America during the Tertiary highlights the futility of building 
historical biogeographic hypotheses in the absence of a fossil record (Rasnitsyn 2006). The vast 
majority of life is extinct and to surmise that we have adequately sampled a group when looking 
only at modern members is naive, even in the absence of a fossil record for that particular lineage. 
Every taxon or clade represents an unbroken genetic lineage back through time and what we have 
seen in every group with a preserved record is that there have been false starts and evolutionary 
experimentations that eventually gave rise to the modern diversity. Some of these fossils are inter- 
calated among the crown or surviving species of a clade, while others form grades (stem groups) 
or natural sister groups to a lineage otherwise characterized on the basis of a suite of attributes seen 
in crown-group taxa. Changing historical environments, abiotic historical events, or even past dif- 
ferences in biology may result in fossil species that do not occur in the same region or habitat in 
which modern counterparts live. Fossil insects have redefined biogeographic hypotheses of vari- 
ous lineages of insects otherwise believed to have modern restricted distributions resulting from 
various vicariant events (e.g., Rasnitsyn 2006; Grimaldi and Engel 2005, 2006; Engel 2008; Engel 
and Grimaldi 2007, 2008; Engel et al. 2007; Azar and Engel 2008). Elaborate hypotheses have been 
constructed for the tribes of corbiculate bees, as well as many other insect lineages, that @ priori 
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assume that the current absence of a group from a particular region today means that this group or 
its predecessors (stem groups) was similarly not present in that same geographical region. Such 
biogeographic hypotheses have even been used to argue against certain phylogenetic reconstruc- 
tions that seem otherwise at odds with vicariant models based solely on surviving species. Rela- 
tionships among the four extant corbiculate tribes (Apini, Bombini, Euglossini and Meliponini) 
have been examined recurrently in the last three decades. Studies using different sets of characters; 
either morphological, molecular, behavioral, or combined; have produced nine of the 15 theoreti- 
cally possible rooted and fully resolved topologies, as noted by Cardinal and Packer (2007), who 
present a summary of these different hypotheses. The difficulty of analyzing relationships among 
the corbiculate tribes can be immediately appreciated by this over abundance of purportedly sup- 
ported hypotheses. Nonetheless, the main point of contention seems to lie between a hypothesis 
supported by morphological (Prentice 1991; Roig-Alsina and Michener 1993; Schultz et al. 1999, 
2001; Engel 2001a, 2001c; Cardinal and Packer 2007), behavioral (Noll 2002), and combined mor- 
phological-molecular (e.g., Ascher et al. 2001) studies, in which Euglossini are sister to the other 
tribes (Euglossini + (Bombini + (Apini + Meliponini))), and several strictly molecular approaches 
(Cameron 1991, 1993; Mardulyn and Cameron 1999; Cameron and Mardulyn 2001) which pro- 
duce a sister-group relationship between Bombini and Meliponini. Interestingly enough, of the two 
cases mentioned, the first hypothesis (Euglossini sister to the other extant tribes, while Apini sister 
to Meliponini) is strongly supported in studies in which fossil corbiculates are included (Engel 
2001a, 2001c), with the addition of three extinct tribes (Euglossini + (Bombini + (Electrobombini 
+ (Electrapini + (Apini + (Meliponini + Melikertini)))))). The current evidence seems to favor 
strongly this phylogenetic arrangement, as proposed for most of the morphology-based studies. On 
the other hand, the distribution of the living representatives of the extant corbiculate tribes gives a 
picture that is not necessarily easily explained by this phylogenetic hypothesis. The Euglossini are 
restricted to the Neotropical region, while the Bombini are primarily Palearctic (but also Nearctic, 
Neotropical, and Oriental in distribution), the Apini are Palearctic, Ethiopian, and Oriental, and the 
Meliponini are Pantropical (e.g., Rebélo 2001; Michener 2007). As such the restriction of the 
Euglossini (sister to the reminder of the tribes) to the New World tropics seems to be at odds with 
a basal placement in the clade. Rebélo (2001) concluded that if Euglossini and Bombini shared an 
immediate common ancestor (1.e., were sisters), then this ancestral population likely existed across 
a combined supercontinent (“Pangea” in his scenario, although true Pangea predated any of these 
lineages). He further speculated that during the separation of the Northern Hemisphere and South- 
ern Hemisphere vicariant populations were produced, the northern one ancestral to the Bombini 
and the southern one to Euglossini, so the absence of the latter from other Gondwanan continents 
(at least from Africa) could imply that they perhaps existed there with subsequent extinction. It 
should be noted, however, that the initial rifting of these continental plates began much earlier than 
the time frame by which Rebélo (2001) speculated making his scenario a less than ideal match. 
Regardless, the same author (Rebélo 2001) as well as Michener (2007), interpreted the modern dis- 
tribution of Euglossini as the result origination in South America after the complete separation of 
this continent from Africa (around 100 mya), and evolving there. In any case the interpretation of 
Euglossini existing once in Africa and going extinct, or never existing there at all, is largely hin- 
dered by a lack of suitable paleontological information from that region. That crown group 
Euglossini date from the Paleocene or earlier, with numerous extinct stem groups of widespread 
distribution, is certainly a distinct possibility. This also indicates that molecular estimates based 
strictly on modern (1.e., crown group) euglossines would not be capable of successfully estimating 
the age at which the lineage (stem and crown groups together) diverged from other corbiculates but 
instead only when the crown group first appeared, which would be much later. Regardless, paleon- 
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tological discoveries such as the “lost” corbiculate tribes and of Apini in the Nearctic region 
demonstrate that significant losses in corbiculate diversity have taken place. Attempts to overlap 
biogeographical information based exclusively on modern species may contradict well supported 
phylogenies, but at the same time must be taken with extreme caution as extinction is a real and 
significant factor that is frequently ignored in cladistic biogeographic analyses (Rasnitsyn 2006). 

In terms of Apis distribution, biotic exchanges between Asia and North America via Beringia 
are known from the Late Cretaceous and Miocene periods (¢e.g., Hopkins 1967; Kontrimavichus 
1985), well before the more famously studied Pleistocene connection that permitted early humans 
to disperse into the Americas. It is likely that species of Cascapis were widespread across Europe 
and Asia during the Early and mid-Miocene, perhaps even the latest Oligocene, and were capable 
of dispersing into western North America like so many other plant and animal species of the time. 
The closing of this passageway during the latter part of the Miocene would have left species such 
as A. nearctica isolated and the eventual climatic changes that took place later in and by the close 
of the Miocene, dramatically altering the flora and fauna of Neogene western North America poten- 
tially resulting in their demise at that time. Continued climate change from warm-wet to cool-dry 
conditions following the mid-Miocene may have contributed to an eventual demise of honey bees 
in northwestern North America, similar to that seen in some mammal and plant groups 
(Kirschner et al. 2008). 

Honey bees are aggressive competitors of stingless bee colonies wherever they are sympatric, 
Indeed, it has been noted that stingless bee diversity is greatest in regions where honey bees are not 
native (e.g., meliponine diversity is greatest in South and Central America, but relatively poor in 
tropical Africa and Asia), and it is likely that this competitive behavior has contributed to the over- 
all shape of meliponine diversity as well as the overall loss of eusocial bee diversity since the 
Eocene. Expanding the native distribution of Apini into the New World would appear to contradict 
some details of this observed pattern in that it would appear little would exclude Apis from having 
co-occurred with the radiation of Meliponini in South America during the Tertiary. However, 
Miocene climate and habitat might indicate that Apis was perhaps relatively confined within North 
America and that the aforementioned scenario for meliponine diversification might remain viable. 
During the Early Miocene, western North America beyond the Sierras was of a tropical to warm 
temperate climate, similar to much of the Palearctic during the same period (e.g., Retallack 2004). 
This region was bounded by a large, strongly arid area running from central Mexico through the 
center of the United States, effectively representing a major habitat barrier for honey bees. It is like- 
ly that while species of Cascapis were contiguous from Europe, northern Asia, and the western- 
most North America (perhaps only northwestern North America), honey bees were prevented from 
migrating further in the Americas and from reaching other New World tropical regions like South 
America. This would have resulted in a natural absence of Apini from the region in which 
Meliponini experienced its greatest diversification. 

Honey bees were likely truly absent from the North American fauna during the Pliocene and 
Pleistocene, not becoming reintroduced until the major European colonization of the New World 
in the early 17 century. Certainly extensive exploration of further Miocene and Pliocene deposits 
must be undertaken in order to further document the extent of Apis distribution in North America 
and to help refine our estimates of when they declined and eventually disappeared from the fauna. 
Nonetheless, the currently available information on similar faunistic changes in Miocene North 
America and Neogene biogeography are consistent with the presence of honey bees in the region 
at that time and their extirpation late in the Miocene or earliest Pliocene at the latest. Regardless, 
A. nearctica highlights how the perceived absence of lineages from major geographic regions must 
be tempered with evidence from the fossil record. In the case of the honey bees, A. nearctica indi- 
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cates that North America was one of the native regions of Apis distribution, where they became 
extinct sometime subsequent to the Miocene, and the genus, like horses (Equus caballus Linnaeus), 
gingkos, and the Chinese tree of heaven (Ai/anthus), was later reintroduced by European coloniza- 
tion of the Americas. 


ACKNOWLEDGMENTS 


We are grateful to W.J. Pulawski for bringing the collection to our attention and permitting its 
study, and to C.D. Michener, K.K. Magill, O.R. Taylor, and an anonymous reviewer for encourage- 
ment and comments on earlier versions of the manuscript. Partial support was provided by Nation- 
al Science Foundation grants EF-0341724 and DEB-0542909 to M.S. Engel, while I.A. Hinojosa- 
Diaz was sponsored by CONACYT (Consejo Nacional de Ciencia y Tecnologia, México). This is 
a contribution of the Division of Entomology (Paleoentomology), University of Kansas Natural 
History Museum. 


LITERATURE CITED 


ARMBRUSTER, L. 1938a. Versteinerte Honigbienen aus dem obermiocinen Randecker Maar. Archiv fiir 
Bienenkunde 19(1):1-48. 

ARMBRUSTER, L. 1938b. Versteinerte Honigbienen aus dem obermiociinen Randecker Maar. Archiv fiir 
Bienenkunde |9(2):73-93. 

ARMBRUSTER, L. 1938c. Versteinerte Honigbienen aus dem obermiociénen Randecker Maar. Archiv fiir 
Bienenkunde \9(3—4):97-133. 

ASCHER, J.S., B.N. DANFORTH, AND S. Ji. 2001. Phylogenetic utility of the major opsin in bees (Hymenoptera: 
Apoidea): A reassessment. Molecular Phylogenetics and Evolution 19(1):76-93. 

ASHMEAD, W.H. 1904. Remarks on honey bees. Proceedings of the Entomological Society of Washington 
6:120-122. 

AZAR, D., AND M.S. ENGEL. 2008. A sphaeropsocid bark louse in Late Cretaceous amber from Siberia (Pso- 
coptera: Sphacropsocidae). Transactions of the Kansas Academy of Science 111(1—2):141—146. 

Barton, B.S, 1793. An inquiry into the question, whether the Apis mellifica, or true Honey-bee, is a native of 
America. Transactions of the American Philosophical Society, Philadelphia 3:241-261. 

BELKNAP, J. 1792. A Discourse Intended to Commemorate the Discovery of America by Christopher Colum- 
bus; Delivered at the Request of the Historical Society in Massachusetts, on the 23d Day of October, 1792, 
being the Completion of the Third Century since that Memorable Event. To which are added Four Disser- 
lations, connected with various Parts of the Discourse. Apollo, Belknap & Hall, Boston, Massachusetts, 
USA. 132 pp. 

BURNHAM, L. 1978. Survey of social insects in the fossil record. Psyche 85(1):85—133. 

BUTTEL-REEPEN, H., VON, 1906, Apistica. Beitriige zur Systematik, Biologic, sowie zur geschichtlichen und 
geographischen Verbreitung der Honigbiene (Apis mellifica L.), ihrer Varietiten und der iiberigen Apis- 
Arten, Mitteilungen aus dem Zoologischen Museum im Berlin 3:117—201. 

CAMERON, S.A. 1991. A new tribal phylogeny of the Apidae inferred from mitochondrial DNA sequences. 
Pages 71-87 in D.R. Smith, ed., Diversity in the Genus Apis. Westview Press, Boulder, Colorado. 

CAMERON, S.A. 1993, Multiple origins of advanced eusociality in bees inferred from mitochondrial DNA 
sequences. Proceedings of the National Academy of Sciences, U.S.A. 90(18):8687-869 1. 

CAMERON, S.A., AND P. MARDULYN. 2001. Multiple molecular data sets suggest independent origins of high- 
ly eusocial behaviour in bees (Hymenoptera: Apinae). Systematic Biology 50(2):194-214. 

CARDINAL, S., AND L. PACKER. 2007. Phylogenetic analysis of the corbiculate Apinae based on morphology of 
the sting apparatus (Hymenoptera: Apidae). Cladistics 23(2):99-118. 

CRANE, E. 1983. The Archaeology of Beekeeping. Cornell University Press, Ithaca, New York, USA. 360 pp. 

CRANE, E. 1999, The World History of Beekeeping and Honey Hunting. Routledge, New York, New York, 
USA. xxii + 682 pp. 


36 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, No. 3 


CuLLINEY, T.W. 1983. Origin and evolutionary history of the honeybees Apis. Bee World 64(1):29-38, 

ENDERLEIN, G. 1906. Neue Honigbienen und Beitrige zur Kenntnis der Verbreitung der Gattung Apis. Stettin- 
er Entomologische Zeitung 67:33 1-344. 

ENGEL, M.S. 1998. Fossil honey bees and evolution in the genus Apis (Hymenoptera: Apidae). Apidologie 
29(3):265-28 1. 

ENGEL, M.S. 1999, The taxonomy of Recent and fossil honey bees (Hymenoptera: Apidae; Apis). Journal of 
Hymenoptera Research 8(2):165—-196. 

ENGEL, M.S. 2000. Fossils and phylogeny: A paleontological perspective on social bee evolution. Pages 
217-224 in M.M.G. Bitondi and K. Hartfelder, eds., Anais do 1V Encontro sobre Abelhas. Universidade de 
Sao Paulo, Ribeirao Preto, Brazil. 

ENGEL, M.S. 2001a. A monograph of the Baltic amber bees and evolution of the Apoidea (Hymenoptera). Bul- 
letin of the American Museum of Natural History 259:\-192. 

ENGEL, M.S. 2001b. The honey bees of Thailand (Hymenoptera: Apidae). Natural History Bulletin of the Siam 
Society 49:113-116. 

ENGEL, M.S. 2001c. Monophyly and extensive extinction of advanced eusocial bees: Insights from an unex- 
pected Eocene diversity. Proceedings of the National Academy of Sciences, U.S.A, 98(4):1661—1664. 
ENGEL, M.S. 2002. The honey bees of India, Hymenoptera: Apidae. Journal of the Bombay Natural History 

Society 99(1):3—7. 

ENGEL, M.S. 2003. A replacement name in Apis (Hymenoptera: Apidae). Journal of the Kansas Entomolog- 
ical Society 76(1):71. 

ENGEL, M.S. 2006. A giant honey bee from the middle Miocene of Japan (Hymenoptera: Apidae). American 
Museum Novitates 3504:1—12. 

ENGEL, M.S. 2008. An orussid wood wasp in amber from the Dominican Republic (Hymenoptera: Orussidae). 
Transactions of the Kansas Academy of Science \\1(1—2):39-44. 

ENGEL, M.S., AND D.A. GRIMALDI. 2007. Cretaceous Scolebythidae and phylogeny of the family (Hymen- 
optera: Chrysidoidea). American Museum Novitates 3568:1—16. 

ENGEL, M.S., AND D.A. GRIMALDI. 2008. Diverse Neuropterida in Cretaceous amber, with particular reference 
to the paleofauna of Myanmar (Insecta). Nova Supplementa Entomologica 20:1—86. 

ENGEL, M.S., D.A. GRIMALDI, AND K. KRISHNA. 2007. A synopsis of Baltic amber termites (Isoptera). 
Stuttgarter Beitrdge zur Naturkunde, Serie B, Geologie und Paldontologie 372:\1—20. 

GERSTACKER, C.E.A. 1862. Uber die geographische Verbreitung und die Abdénderungen der Honighiene nebst 
Bemerkungen tiber die auslandischen Honigbienen der alten Welt, Festschrift XI Wander-Versammlung 
deutscher Bienenwirthe, Potsdam, Germany. 75 pp. 

GeRSTACKER, C.E.A. 1863. On the geographical distribution and varieties of the honey-bee, with remarks 
upon the exotic honey-bees of the Old World. Annals and Magazine of Natural History, ser. 3, 11: 
270-283, 333-347. [English translation of Gerstacker (1862)] 

GRIMALDI, D., AND M.S. ENGEL. 2005. Evolution of the Insects. Cambridge University Press, Cambridge, 
United Kingdom, xv + 755 pp. 

GRIMALDI, D., AND M.S. ENGEL. 2006. Extralimital fossils of the “Gondwanan” family Sphaeropsocidae 
(Insecta: Psocodea). American Museum Novitates 3523:1-18. 

HERNANDEZ, F. 1648. Rerum Medicarum Novae Hispaniae Thesaurus: Nova Plantarum, Animalium et Min- 
eralium Historia. Vitalis Mascardi, Romae [Rome], Italy. 950 + [10] + [90] + [6] pp. 

Hona, Y.-C., AND S.-J. Miao. 1992. Fossil bee [sic] and its origin with discussion on the origin of the 
angiosperm. Memoirs of the Beijing Natural History Museum 51:\—19. [In Chinese, with English summa- 
ry] 

Hopkins, D.M. 1967. The Bering Land Bridge. Stanford University Press, Stanford, California, x1i+495 pp. 

JEFFERSON, T. 1787. Notes on the State of Virginia. Stockdale, London, United Kingdom. 382 pp. 

JOssELYN, J. 1674. An Account of Two Voyages to New England made during the Years 1638, 1663. Widdows, 
London, United Kingdom. viit211 pp. 

KELNER-PILLAULT, S. 1969a. Abeilles fossiles ancestres des apides sociaux. Proceedings of the V1 Congress of 
the 1USSI [International Union for the Study of Social Insects], Bern 1969:85—93. 

KELNER-PILLAULT, S. 1969b. Les abeilles fossiles. Memoire della Societa Entomologica Italiana 48:519—534. 


ENGEL ET AL.: FIRST NATIVE AMERICAN HONEY BEE 37 


KONTRIMAVICHUS, V.L. 1985. Berinigia in the Cenzoic Era: All-Union Symposium “The Bering Land Bridge 
and its Role in the History of Holarctic Floras and Faunas in the Late Cenozoic’. A.A. Balkema, Rotter- 
dam, The Netherlands, xv + 724 pp. 

Kortnorr, U. 2005. Uber einige Hymenoptera (Insecta) aus dem Unter-Mioziin des Randecker Maars 
(Schwabische Alb, Siidwestdeutschland). Stuttgarter Beitriige zur Naturkunde, Serie B, Geologie und 
Paldontologie 355:1—235. 

KURSCHNER, W.M., Z. KvACEK, AND D.L. DILCHER. 2008. The impact of Miocene atmospheric carbon dioxide 
fluctuations on climate and the evolution of terrestrial ecosystems. Proceedings of the National Academy 
of Sciences, USA 105(2):449-453. 

LUTZ, H. 1993. Eckfeldapis electrapoides nov. gen. n. sp., eine “Honigbiene” aus dem Mittel-Eoziin des “*Eck- 
felder Maares” bei Manderscheid/Eifel, Deutschland (Hymenoptera: Apidae, Apinae). Mainzer naturwis- 
senschafiliches Archiv 31:177-199. 

Maa, T.C. 1953. An inquiry into the systematics of the tribus Apidini or honeybees (Hym). Treubia 
21:525-640. 

MARDULYN, P., AND S.A. CAMERON. 1999. The major opsin in bees (Insecta: Hymenoptera): A promising 
nuclear gene for higher level phylogenetics. Molecular Phylogenetics and Evolution 12(2):168-176. 

MICHENER, C.D. 1990. Classification of the Apidae (Hymenoptera). University of Kansas Science Bulletin 
54(4):75-164. 

MICHENER, C.D. 1997. Genus-group names of bees and supplemental family-group names. Scientific Papers, 
Natural History Museum, University of Kansas 1:1-81, 

MICHENER, C.D. 1999. The corbiculae of bees. Apidologie 30(1):67—74. 

MICHENER, C.D. 2000. The Bees of the World. Johns Hopkins University Press, Baltimore, Maryland, USA. 
xiv + [1] + 913 pp. 

MICHENER, C.D. 2007. The Bees of the World (2nd Edition]. Johns Hopkins University Press, Baltimore, 
Maryland, USA. xvi + [i] + 953 pp. 

NEL, A., X, MARTINEZ-DELCLOs, A. ARILLO, AND E. PENALVER. 1999. A review of the Eurasian fossil species 
of the bee Apis. Palaeontology 42(2):243-285, 

NOLL, F.B, 2002. Behavioral phylogeny of corbiculate Apidae (Hymenoptera; Apinae), with special reference 
to social behavior. Cladistics 18(2):137—-153. 

PETROV, P. 1992, Distribution and phylogenesis of the bee genus Apis (Hymenoptera, Apidae), Uspechi Sovre- 
mennoi Biologii, Moscow 112:359-372. [In Russian] 

PRENTICE, M. 1991. Morphological analysis of the tribes of Apidae. Pages 51-69 in D.R. Smith, ed., Diversi- 
tv in the Genus Apis. Westview Press, Boulder, Colorado. 

Prokop, J., AND A. NEL. 2003. New fossil Aculeata from the Oligocene of the Ceské Sttedohofi Mts. and the 
Lower Miocene of the Most Basin in northern Czech Republic (Hymenoptera: Apidae, Vespidae). Acta 
Musei Nationalis Pragae, Series B, Natural History 59(3—4):163-171. 

Rapiorr, S.E., C. HeEpBuRN, H.R. HeppurRN, S. FucHs, S. HADISOESILO, K. TAN. M.S. ENGEL, AND V. 
KUZNETSOV. In review. Population structure and classification of Apis cerana Fabricius, 1793. Apidologie. 

RASNITSYN, A.P. 2006. Ontology of evolution and methodology of taxonomy. Paleontological Journal 40(sup- 
plement 6):S679-S737. 

REBELO, J.M.M. 2001. Historia Natural das Euglossineas: as Abelhas das Orquideas. Lithograf Editora, Sao 
Luis, Brazil. 152 pp. 

RETALLACK, G.J. 2004. Late Miocene climate and life on land in Oregon within a context of Neogene global 
change. Palaeogeography, Palaeoclimatology, Palaeoecology 21 4(1—2):97-123. 

ROIG-ALSINA, A., AND C.D. MICHENER. 1993, Studies of the phylogeny and classification of long-tongued bees 
(Hymenoptera: Apoidea). University of Kansas Science Bulletin 55(4):123-162. 

Roussy, L. 1937. Contributions a l’étude de l’abeille tertiaire, de ses parasites ct de ses ennemis. La Gazette 
Apicole, Montfavet 388:49—72. 

RUTTNER, F, 1988, Biogeography and Taxonomy of Honeybees. Springer Verlag, Berlin, Germany. xxii + 284 
pp. 

RUTTNER, F. 1992. Naturgeschichte der Honighienen. Ehrenwirth, Munich, Germany. 357 + [1] pp. 

RUTTNER, F., E.C. WILSON, R. SNELLING, G. VORWOHL, AND D. KAUHAUSEN. 1986. Die Evolution des Fliigel- 


38 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, Number 3 
geiiders der Honigbienen. Apidologie 17(4):348—350. 

Scuuctz, T.R., M.S. ENGEL, AND M, PRENTICE. 1999. Resolving conflict between morphological and molecu- 
lar evidence for the origin of cusociality in the “corbiculate” bees (Hymenoptera: Apidae): A hypothesis- 
testing approach. University of Kansas Natural History Museum Special Publication 24:125-138. 

Scuuctz, T.R., M.S. ENGEL, AND J.S. AscHer. 2001. Evidence for the origin of cusociality in the corbiculate 
bees (Hymenoptera: Apidae). Journal of the Kansas Entomological Societv 74(1):10-16. 

SCHWEIGERT, G., AND G. BECHLY. 2001. Bibliographic zur Geologie und Palaontologie des Randecker Maars 
(Unter-Mioziin, Siidwestdeutschland) 1825-2000. Stuttgarter Beitrdge zur Naturkunde, Serie B, Geologie 
und Paldontologie 302:\—12. 

Skorikov, A.S. 1929a. Beitriige zur Kenntnis der kaukasischen Honigbienenrassen, I-V. Reports on Applied 
Entomology, Leningrad 4:\—60. [In Russian, with German summary] 

SKorIKOV, A.S. 1929b. Eine neue Basis fiir cine Revision der Gattung Apis L. Reports on Applied Entomolo- 
gv, Leningrad 4:249-270. [In Russian, with German summary] 

Smit, F. 1865. On the species and varieties of the honey-bees belonging to the genus Apis. Annals and Mag- 
azine of Natural History, series 3 15:372—380. 

Starz, G. 1934. Neue Beobachtungen tiber fossile Bienen aus dem Tertiaér von Rott am Siebengebirge. Archiv 
fiir Bienenkunde \3(1):1—-10. 

Sratz. G. 1941. Bienen, Bliatter und Bliiten aus dem rheinischen Braunkohlenwalde. Nachrichtenblatt fiir 
Rheinische Heimatpflege 13:100-112. 

Sratz, G. 1944. Honigbienen aus deutschen Braunkohlenwildern. Die Umschau 48(4):63-65. 

STAUFFER, P.H. 1979. A fossilized honeybee comb from Late Cenozoic cave deposits at Batu Caves, Malay 
Peninsula. Journal of Paleontology 53(6):1416-1421. 

TAN, K., S. Fucus, AND M.S. ENGEL. 2008. An adventitious distal abscissa in the forewing of honey bees 
(Hymenoptera: Apidae). Apidologie 39(6):674—-682. 

ZeEUNER, F.E. 1931. Die Insektenfauna des Béttinger Marmors. Fortschritte der Geologie und Palaeontologie 
9:247-400. 

ZEUNER, F.E., AND F.J. MANNING. 1976. A monograph on fossil bees (Hymenoptera: Apoidea). Bulletin of the 
British Museum (Natural History), Geology Series 27(3):149-268. 

ZHANG, J.-F. 1990. New fossil species of Apoidea (Insecta: Hymenoptera). Acta Zootaxonomica Sinica 
15(1):83-91. [In Chinese, with English summary] 


Copyright © 2009 by the California Academy of Sciences 
San Francisco, California, U.S.A. 


PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 


Series 4, Volume 60, No. 4, pp. 39-51, 7 figs., 1 table May 7, 2009 


Two New Species of Coelorinchus (Teleostei, Gadiformes, 
Macrouridae) from the Tasman Sea 
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Two new deepwater Coelorinchus species were captured during a joint Aus- 
tralia/New Zealand marine fauna survey of the West Norfolk and South Norfolk 
Ridges and south Lord Howe Rise in May-June 2003. Coelorinchus osipullus sp. nov. 
is similar to the Australasian C. celaenostomus McMillan and Paulin and had been 
mistakenly identified as such in collections made by French surveys off New Caledo- 
nia and the Loyalty Islands, but the new species has pale to dusky lips and mouth 
compared to the intense black markings of C. celaenostomus. It is also very similar 
to C. sheni Chiou, Shao, and Iwamoto from Taiwan, but has a shorter and narrower 
snout and blackish gums compared to the pale gums of C. sheni. Coelorinchus obscu- 
ratus sp. nov. is most similar to C. occa (Goode and Bean) from the western North 
Atlantic, but the latter has a larger orbit, lacks a blackish orbital rim, and has much 
more coarsely spinulated scales. 


The ridges and seamounts in and around the Tasman Sea between New Zealand and the islands 
of New Caledonia and the Loyalty Islands have been little explored by vessels sampling the bot- 
tom with their collecting gear. The demersal fishes from the area are poorly represented in muse- 
um collections, and consequently the fauna is not well known. French research vessels conducted 
several biodiversity surveys in the Exclusive Economic Zones (EEZ) of New Caledonia, Vanuatu, 
and the Loyalties from 1984 to the late 1990s (see Richer de Forges 1990 and 1993 for more infor- 
mation on these cruises). The Norfolk Ridge south of New Caledonia was surveyed during the 
1991 BERYX 2 cruise and the 1996 HALIPRO 2 cruise, which also surveyed the Loyalty Ridge. 
During both these cruises, specimens of Coelorinchus osipullus sp. nov. were collected but were 
misidentified as C. celaenostomus McMillan and Paulin, 1993 in publications by Iwamoto and 
Merrett (1997) and Merrett and Iwamoto (2000). From 11 May to 5 June 2003, the south ends of 
the Norfolk Ridge and Lord Howe Rise and the West Norfolk ridge were sampled during a biodi- 
versity survey (NORFANZ) funded by New Zealand and Australia (Clark and Roberts 2008). Dur- 
ing this cruise a variety of trawls and nets was deployed from the National Institute of Water and 
Atmospheric Research (NIWA) vessel Zangaroa. The fishes were mostly caught using a high-open- 
ing bottom trawl that lacked wings, or a full-wing trawl, although some were taken using an 
epibenthic sled and a beam trawl. Continental, insular, and seamount slope depths down to about 
1789 m were sampled. 

This report describes two new grenadiers (family Macrouridae) of the genus Coelorinchus. 
The genus is well represented in the Australasian region with about 21 species known from New 
Zealand (unpublished data), about 35 from Australia (Iwamoto and Williams 1999: Iwamoto and 
Graham 2001, 2008), and 17 from the New Caledonian region (Merrett and Iwamoto 2000). Sev- 
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eral species are confined to either New Zealand or Australia and some have restricted distributions 
around those countries, so it is not surprising to encounter apparently new species during a survey 
of a previously poorly sampled region. It is planned to deal with the other macrourids and the fam- 
ily Bathygadidae from the NORFANZ cruise in separate publications. 


MATERIALS AND METHODS 


Our study specimens are deposited in AMS, BMNH, CAS, CSIRO, MNHN, NMNZ, and 
NMV. The reader is referred to Eschmeyer‘s (1998) Catalog of Fishes for institutional abbrevia- 
tions and for detailed references and authorities to taxonomic names used. Methods for taking 
counts and making measurements follow procedures of Gilbert and Hubbs (1916), slightly modi- 
fied by Iwamoto (1970) and Iwamoto and Sazonoy (1988). 


Genus Coelorinchus Giorna, 1809 
[N.B. See Iwamoto (1990) for diagnosis of genus and key to species of the world. The reason for 
the spelling change back to the use of the dipthong oe is discussed by Iwamoto (2008: xi)] 


Coelorinchus osipullus sp. nov. 

Figures |—3. 

Caelorinchus celaenostomus (non McMillan and Paulin 1993): Iwamoto and Merrett 1997: 490-493, fig. 7 
(4 specimens, 224-520 mm TL; Norfolk Ridge; 600-1340 m). Merrett and Iwamoto 2000: 743-744 
(9 specimens [including three reported by Iwamoto and Merrett 1997], 310-710 mm TL, Norfolk and Loy- 
alty ridges; 643-1340 m). 

Caelorinchus sp. 1: Clark and Roberts 2008:51, App. 4, color plate. 


DiAGNosis.— A species of Coelorinchus lacking external evidence of a light organ, anus 
immediately before origin of anal fin; snout long, about 2.5 into head length, anterolateral margins 
not completely supported by bone. Premaxillary teeth in a long band, the outer series only slightly 
enlarged. Underside of head fully scaled with small scales armed with discrete uniform rows of 
small spinules. Mouth with black gums. Prominent body markings, with 10 or 11 wide dark bars 
or saddles, most of which do not extend much below lateral midline; bands interrupted by narrow 
white (or pale) spaces oriented vertically or at slightly oblique angles; anal fin with broad dark dis- 
tal margins, the anterior portion of fin with distal tips white. 

TYPE SPECIMENS.— (11 specimens, all except MNHN 1996-363 collected by the R/V Tangaroa).— 
Holotype: MNHN 1998-237 (172 mm HL, 555+ mm TL); Loyalty Ridge, 23°31.15'S, 169°36.64'E, 685-83 1 
m; HALIPRO 2, stn. BT 3; 6 Nov. 1996. Paratypes: Norfolk Ridge: MNHN 1996-363 (ex. NMNZ P.27431) 
(57.9 HL, 224 TL); 24°53.0'S, 168°22.3'E, 600-650 m; BERYX 2, stn. 2, R/V Alis; 24 Oct. 1991. CAS 90982 
(143 HL, 520 TL) and MNHN 1998-322 (not measured); 25°19.93'S, 168°56.56'E, 697-1340 m; HALIPRO 
2, stn. BT 32; 12 Nov. 1996. NMNZ P.40991 (ex. CAS 90670)(116 HL, 320 TL) and BMNH 1997.5.21:35 
(149 HL, 515+ TL); 25°23.03'S, 168°56.47'E, 643-1233 m; HALIPRO 2, stn. BT 34; 12 Nov. 1996. MNHN 
1998-235 (175 HL, 627 TL), CAS 90984 (116 HL, 310 TL), and BMNH 1997.5.21:39 (127 HL, 410+ TL); 
25°23.00'S, 168°56.99'E, 640-740 m; HALIPRO 2, stn. BT 35; 12 Nov. 1996. BMNH 1997.5.21:63 (188 HL, 
710 TL); 23°13.86'S, 167°57.19'E, 650-660 m; HALIPRO 2, stn. BT 91; 23 Nov. 1996. CSIRO H6005-04 
(177 HL, 646 TL); 29°53.11'S, 167°49.04'E, 650-666 m; TAN0308, NORFANZ stn. 17; 14 May 2003. 

COUNTS AND MEASUREMENTS (holotype in boldface, followed by range in paratypes).— ID. 
11,9, I1,8—9; P. 116, 117-119; V. 7, 7; inner GR-I 2+7, (2-3) + 6, GR-II (outer/inner) 0+8, 0+6 / 2+7, 
(1-2) + 7; scales below 1D. 6.5, 6—6.5, below mid-base 1D. 4.5, 4.5-6; below 2D. 5.5, 5.5-6.5; 
over distance equal to predorsal length 36, 36-43; pyloric caeca 41—56 (2 paratypes). 

Total length 555+ (large pseudocaudal), 224-710 mm; HL 172, 58-188 mm; preanal length 
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250, 77-264 mm. The following in percent of HL: snout length 42, 39-41; preoral length 31, 
23-31: internasal width 19, 16—20; interorbital width 25, 21—24: orbit diam. 20, 21—25; suborbital 
width 15, 13—15; postorbital length 39, 35—39; distance orbit to preopercle angle 43, 38—44; upper 
jaw length 31, 27-33; length barbel 6, 8—13; length outer gill slit 17, 16—17; body depth 58, 53-62; 
interspace between 1D. and 2D. 20, 18—22; height 1D. 44, 45-50; length base 1D. 19, 16-19; 
length P. 45, 39-46; length outer V ray 28, 30-45. 

DESCRIPTION.— Body relatively shallow, greatest depth under origin of first dorsal fin about 
|.6-1.9 into HL. Head large, length about 2.6—3.9 times into total length; broadly cone-shaped, 
greatest width about equal to greatest depth above angle of lower jaw; least width across interor- 
bital space less than or about equal to orbit diameter, greater than least width across internasal 
ridges. Snout moderately long, about equal to postorbital length, slender, pointed in lateral and dor- 
sal views, sides viewed from above converge in gentle uniform curves to a narrowly rounded tip 
that lacks a sharp, stout, well-defined terminal scute. Narrow, sharply defined clefts running on 
both sides of median series of scales. Ventral profile of snout similarly gently curved, its ventral 
(preoral) length much shorter than snout length. Anterolateral margins of snout incompletely sup- 
ported by bone or heavy scute-like scales. Mouth large, jaws relatively unrestricted by lip folds, 
anterior edge of lips slightly forward of vertical through anterior edge of nasal fossa; posterior mar- 
gin of maxilla more or less below posterior one-third to one-fourth of orbit. Lips thick and papil- 
laceous. Chin barbel slender, well developed, its length 0.3—0.6 of orbit. Greatest orbit diameter 
about |.6—2.1 into snout length, 4.0—5.1 into HL, about 1.5—2.1 times into distance orbit to angle 
of preopercle. Exposed portions of combined opercle and subopercle bones narrow and deep, pos- 
teroventral tip of subopercle terminates in a narrow tip. Preopercle large, broad, with posteroven- 
tral end extended into a long, relatively narrow lobe. Suborbital region relatively flat, with subor- 
bital ridge low but forming a broad shelf, the depth of which exceeds half that of the suborbital 
width. Angle formed (in cross-section) by suborbital sharp but very obtuse. 

Teeth in both jaws all small, conical, in a relatively broad tapered band in upper jaw, with an 
outer series of very slightly larger teeth; band in lower jaw 1-4 teeth wide, tapering to a single row 
posteriorly, and extending more than three-fourths length of rictus. 

Origins of pectoral and pelvic fins about on same vertical, origin of first dorsal fin slightly 
behind that vertical. Fins except most rays of second dorsal fin well developed. First dorsal fin 
lacking any prolonged rays; its height greater than snout length and about equal to distance orbit 
to preopercle; its base about equal to or shorter than interspace between first and second dorsal fins. 
Pectoral fin length slightly less than height of first dorsal, its tip extending posteriorly to vertical 
through origin of anal fin. Pelvic fin with outer ray slightly prolonged into a hair-fine tip that bare- 
ly extends to, or falls short of, anal fin origin. Anal fin well developed, long based, extending to 
end of tail where it is confluent with second dorsal fin. Second dorsal fin low over almost entire 
length, its longest anterior rays scarcely longer than vertical diameter of posterior nostril. 

Scales large, adherent, covered with discrete divergent rows of short, narrow, overlapping 
spinules that form sharp serrated crest-like ridges; none of the spinule rows enlarged. Scales below 
interspace of first and second dorsal fins with 5—7 divergent rows of spinules. Head scales highly 
variable in size and nature of spinulation; many on operculum (to suborbital ridge) large with wide- 
ly divergent spinule rows. Scales of suborbital ridge stout, coarsely modified, in two rows, well 
defined from anterolateral angle of snout posteriorly to near end of preopercle; scales above large 
modified scales in about 3 rows. Nasal fossa almost fully covered with small scales having 1-3 
spinule rows. Underside of snout and lower jaw rami fully scaled; each small scale with 1—3 short 
rows of low spinules. 

No external sign of light organ. 
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FIGURE 1. Coelorinchus osipullus sp. nov. Holotype, MNHN 1998-237 (172 mm HL, 555+ mm TL); Loyalty Ridge, 
23°31.15'S, 169°36.64'E, 685-831 m; HALIPRO-II stn. BT 03; 6 Nov. 1996, (A) Lateral view; (B) dorsal view of head: (C) 
ventral view of head and trunk. 
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FIGURE 2. Coelorinchus osipullus sp. noy. Paratype, CSIRO H6005-04 (177 mm HL, 646 mm TL): Norfolk Ridge, 
29°53.11'S, 167°49.04'E, 650-666 m; TAN0308, NORFANZ stn. 17; 14 May 2003. Photograph CNORFANZ Founding 
Parties, photographers Robin McPhee (Te Papa) & Mark McGrouther (AMS). 


FiGuRE 3. Coelorinchus osipullus sp. nov. Paratype, CSIRO H6005-04 (177 mm HL, 646 mm TL); West Norfolk Ridge. 
29°53.11'S, 167°49.04'E, 650-666 m; TAN0308, NORFANZ stn. 17; 14 May 2003. Drawn by Michelle Freeborn (Te Papa). 


Fresh color of body overall dark brownish dorsally and straw ventrally, bluish over abdomen 
and about 4 to % of chest; 9-11 distinct bars or saddles, interspersed in some specimens with 
sharply defined, narrow, pale, vertical to diagonal markings, although in others, body paler with 
pale spaces between dark saddles much broader. First saddle broad, deep, beginning on nape and 
spanning entire length of 1D and extending ventrally below lateral midline and pectoral fin; sec- 
ond through fourth saddle extending ventrally to about lateral midline. Odd-numbered saddles 
(first, third, fifth, etc.) usually much darker than others. Ventral half of body below lateral midline 
paler; small areas ventrally on abdomen (but not on chest anterior to pelvic bases and shoulder gir- 
dle) purplish. Dorsal surfaces of head and snout dark brown; underside including lips, gular and 
branchiostegal membranes pale to whitish but with dark pigmentation of gill cavity showing 
through membranes between uppermost branchiostegal rays. Mouth lining pale to blackish, except 
pale peripherally and at angles of jaws; gill and abdominal cavities black; gums dusky to black; lips 
pale. A faint, narrow, dark orbital ring. First dorsal fin blackish, long spinous ray with distal por- 
tion white; rays of second dorsal fin pale except over saddles, where they are black. Anal fin pale 
along base but with broad black distal margin over entire length of fin; anterior rays with addition- 
al white tips distal to black portions. Pectoral fins black except for uppermost and several lower- 
most rays pale or clear. Pelvic fins blackish except for outermost prolonged ray, which is whitish 
distally. Preserved specimens have less distinct but still obvious saddles on the body, anal fin with 
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broad black distal margin over — 35 
entire length of fin, and gums of 
mouth dusky to black. 

DISTRIBUTION.— Known 
only from seamounts of the Loy- 
alty and Norfolk ridges between 
New Caledonia and New 
Zealand (Fig. 4). Capture depths 
ranged from 600 to 1340 m. 

S1zE.— Attains a maximum _30°S 
size of more than 188 mm HL 
and 710 mm TL. 

ETyMOLoGyY.— The specif- 
ic name is taken from the Latin 
os meaning mouth, and the Latin 
pullus meaning dusky or dark 
colored, and refers to the dark 
gums of this species. 

COMPARISONS.— Coelor- 
inchus osipullus is most similar 
to C. sheni Chiou, Shao, and Iwamoto 2004, described from three specimens taken off Taiwan. The 
snout in C. sheni is broader and longer, reflected in the snout length, which is 41-56% of HL, com- 
pared with 39-42% in the new species. (See Table | for additional comparisons of proportions and 
counts.) The internasal and interorbital widths as a percentage of the snout length are greater in 
C. sheni, 51% and 61% of snout length, respectively, compared with 41-51% and 54-61% in 
C. osipullus. The ridges of the head are also significantly thicker and more spiny in C. sheni. The 
width across the outer edges of the occipital ridges is 39% of the snout length in a male paratype 
of C. sheni (CAS 215541), but only 30-33% in the new species. The posteroventral tip of the sub- 
opercle in C. sheni is not developed into a slender tag as it is in C. osipullus. The premaxillary teeth 
in C. sheni have an outer series of relatively large canine teeth, significantly larger than those in 
the new species. Pigmentation differences also exist: prominent black distal margin of anal fin in 
C. osipullus, compared with entirely black fin in C. sheni; and blackish gums in C. osipullits, com- 
pared with pale gums in C. sheni. 

Iwamoto and Merrett (1997) and Merrett and Iwamoto (2000) confused the new species with 
C. celaenostomus McMillan and Paulin, 1993 (Fig. 5). The two species are readily distinguished, 
however, by several prominent features, including: (1) lips and mouth of C. ce/aenostomus intense- 
ly black (cf. pale to dusky in C. osipullus); (2) broad bluish band completely encircling trunk in 
C. celaenostomus (cf. pale bluish only over abdomen); (3) only five distinct saddles on body, those 
posteriorly indistinct 1f present (cf. 9-11 prominent saddles); (4) black margin of anal fin terminat- 
ing well before end of tail (cf. extends to end of tail); (5) orbit diameter more than two times into 
snout length (cf. less than two times); (6) a small, narrow black dermal window of light organ ante- 
rior to anus (cf. no dermal window); (7) upper jaw teeth uniform, lacking enlarged outer series 
(cf. outer series slightly enlarged); and (8) and body scales below anterior end of second dorsal fin 
with five, at the most, widely spaced spinule rows (cf. closely spaced with six or seven rows). Other 
proportional and meristic characters also separate the two species (see Table 1). 

The overall body and head shape, characteristics of the scales, absence of bony support for the 
anterolateral margin of the snout, small or inconspicuous light organ immediately anterior to anus, 
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FIGURE 4 Collection localities of Coelorinchus osipullus sp. nov. (left) and 
C. obscuratus sp. nov. (right) in the Tasman Sea. Holotype locality is shown 
as a diamond. 


McMILLAN & IWAMOTO: NEW SPECIES OF COELORINCHUS 45 


TABLE |. Counts and measurements of three Coelorinchus species. Data for C. sheni 
and C. celaenostomus mostly from original descriptions. Figures in square brackets for C. 
sheni trom CAS 215541 (paratype). 


C. osipullus C. sheni C. celaenostomus 
N= 10 N=3 N= 48 

Total Length (mm) 224-710 420—-937+ 260-828+ 
Head Length (mm) 58-188 113-257 76-273 
Measurements in %HL 
Snout Length 39-42 41-56 45-52 
Preoral Length 23-31 (31]32-36 36-45 
Internasal Width 16-20 20-21[23] 12-19 
Interorbital Width 21-25 25-26 19-22 
Orbit Diameter 20-25 20-21 17-23 
Suborbital Width 13-15 [14] 9-12 
Postorbital Length 35-39 37-40 27-34 
Orbit to Preopercle 38-44 [40] 29-4] 
Upper Jaw 27-33 [29]30-37 26-33 
Length Barbe! 6-13 9-1] 5-1] 
Length Ist Gill Slit 16-19 10—-13[17] 
Body Depth 53-62 [56] 36-5] 
|D-2D Interspace 18-22 [15]22-23 13-23 
Height 1D 44-50 45-48[49] 32-40 
Length P 39-46 44-5() 33-40 
Length V 28-45 42 21-37 
Interoccipital Space 12-13 [16] 
Counts 
1D (segmented rays) 8—9 8-9 7-8 
P (excl. i) 16-19 18-19 13-17 
GR-I (mesial) 8-9 9-10 8-11 
GR-II (lateral) 6-8 6-8[9] 8-10 
Scales 2D 5.5-6.5 4.5-5.0 6-8 
Scales 1D 4.5-5.5 5-6 6-9 
* lat. line 36-43 33-41 47-5] 
Pyloric caeca 41—56 (2 spec.) 37-53 (mean = 44.6) 


large unrestricted mouth with long bands of teeth in both jaws, and prominent saddle markings on 
the body relate these two species with C. quadricristatus (Alcock, 1891), C. tokiensis (Steindachn- 
er and Déderlein, 1887), C. hexafasciatus Okamura, 1982, and C. longicephalus Okamura, 1982. 
The last three species are readily distinguished from C. osipullus by their naked underside of head 
(except below the posterior end of the preopercle angle), small external dermal window of the light 
organ, and fully black anal fin. Coelorinchus quadricristatus shares most diagnostic features with 
the new species, but it lacks the prominent anal-fin markings, and it has a shorter first dorsal fin 
height (about 30-35% of HL, cf. 46-50%). 

REMARKS.— The new species is part of a complex of at least seven species (C. celaenostomus, 
C. hexafasciatus, C. longicephalus, C. quadricristatus, C. sheni, C. tokiensis) that appears to be 
associated with islands and seamounts in tropical waters of the Pacific and Indian oceans. Coelor- 
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inchus tokiensis has been captured off southern Japan and the East China Sea, C. hexafasciatus and 
C. longicephalus off the Kyushu-Palau Ridge south of Japan, C. sheni off Taiwan, C. quadricrista- 
tus off the Andaman Islands in the Indian Ocean, C. celaenostomus off New Zealand's North 
Island, the Challenger Plateau, and the southern part of the Norfolk Ridge, and the new species on 
the northern part of the Norfolk and Loyalty ridges. Some aspects of the physiognomy of these 
fishes show peculiarities quite unlike those found in other members of the genus. Comparison of 
gene sequences and the internal morphology of this species complex should reveal its relationship 
with other clades within the large and diverse genus Coelorinchus. Species of this complex are 
among the largest members of the family Macrouridae (sensu stricto, excluding trachyrincids): 
C. sheni (>90 cm), C. longicephalus (>89 cm), and C. celaenostomus (>83 cm). They attain sizes 
that are exceeded by only a few members of the genera Coryphaenoides and Macrourus, and the 
North Pacific giant A/batrossia pectoralis (210 cm: Tuponogov et al. 2008:291). 


Coelorinchus obscuratus McMillan and Iwamoto, sp. nov. 
Figures 6—7. 


Caelorinchus sp. NFZ3: Clark and Roberts 2008: 51, App. 4 (listed). 


DiAGNosis.— A species of Coelorinchus with an almost scaleless ventral surface of the head. 
Nasal fossa with large scaleless area anteriorly extending to nasal ridge and ventrally to or near 
suborbital ridge. No external evidence of a light organ, anus immediately before origin of anal fin. 
Snout long, about 2.0—2.3 into head length, with strong terminal scute, which is elongate ventral- 
ly, anterolateral margins not completely supported by bone. Body pale grayish-brown, lacking 
prominent markings; a narrow blackish eye ring; lips, mouth, and gill cavities dusky to black. 

TYPE SPECIMENS.— (17 specimens, all collected by the R/V 7Zangaroa). —Holotype: NMNZ P.39373 
(109 mm HL, 375 mm TL); West Norfolk Ridge, 32°36.39'S, 167°50.59"E, 1331-1345 m; TAN0308, NOR- 
FANZ stn. 121: 30 May 2003. Paratypes: West Norfolk Ridge: AMS 1.42762-—006 (2 spec., 63.2—111 mm HL, 
220-381 mm TL) and CAS 218477 (2 spec., 62-75 mm HL, 209+ to 248+ mm TL); same station as holotype. 
NMNZ P.39553 (2 spec., 124-152 mm HL, 435+ to 450+ mm TL), AMS [.42769-003 (2 spec., 130-139 mm 
HL, 341+ to 446+ mm TL), CAS 218673 (1 spec.. 118 mm HL, 385+ mm TL), and CSIRO H6083-01 (1 
spec., 131 mm HL, 422 mm TL); 34°14.33'S, 168°21.18'E, 1195-1202 m; TANO308, NORFANZ stn. 146; 3 
June 2003. NMV A25175-—003 (1 spec., 132 mm HL, 389+ mm TL), 34°34.26'S, 168°56.53'E, 1013-1350 m: 
TANO308, NORFANZ stn. 156; 4 June 2003. CAS 218451 (4 spec., 26.5-59 mm HL, 90+ to 218 mm TL), 
33°46.55'S, 167°29.28'E, 1431-1460 m; TAN0308, NORFANZ stn. 103; 29 May 2003. Norfolk Ridge: CAS 
90752 (1 spec., 88 mm HL, 293 mm TL), , 25°34'S, 167°25'E, 1132-1160 m; HALIPRO2, stn. BT 42; 15 Nov. 
1996, 

Counts and measurements (holotype in boldface, followed by range in paratypes).— ID. 
IL, 7, U,7—-9; P. i15, 114-119; V. 7, 7; GR-I inner 2 + 5, (0-2) + 5—7 (6-9 total) GR-II inner 1 + 6, 
(O—2) + 5-7 (total 6-8) scales below 1D. 5, 5—6, below mid-base 1D. 5, 4—5.5: below 2D. 6, 4.5-6: 
over distance equal to predorsal length 38, 33-41; pyloric caeca 9, 8—11 (10 spec.). 

Total length 375, 90-450 mm; HL 109, 26.5—152 mm; preanal length 156, 36-208 mm. The 
following in percent of HL: snout length 48, 43-49; preoral length 45, 39-47; internasal width 17, 
16-24; interorbital width 21, 20—23; orbit diam. 23, 21—29; suborbital width 13, 12—15; postorbital 
length 29, 27-31; distance orbit to preopercle angle 31, 29-34; upper jaw length 20, 19-29; length 
barbel 7, 2—9; length outer gill slit 10, 5-12; body depth 45, 29-44; interspace between 1D. and 
2D. 15, 12-19; height 1D. 35, 30-41; length base 1D. 11, 10-16; length P. 29, 28—44; length outer 
V ray 30, 26-45. 

DESCRIPTION.— Body relatively shallow, greatest depth under origin of first dorsal fin about 
2.2—3.4 into HL, body width across pectoral fin bases less than snout length, 2.1—2.5 into HL. Head 


McMILLAN & IWAMOTO: NEW SPECIES OF COELORINCHUS 47 


FiGurRE 5. Coelorinchus celaenostomus. CSIRO H6054-01 (148 mm HL, 490 mm TL); West Norfolk Ridge, 
33°49.47'S, 167°03.45'E, 804-944 m: TANO308, NORFANZ stn. 93; 27 May 2003. Photograph CNORFANZ Founding 
Parties, photographers Robin McPhee (Te Papa) & Kerryn Parkinson (AMS). 


FIGURE 6. Coelorinchus obscuratus sp. nov. Holotype, NMNZ P.39373 (109 mm HL, 375 mm TL) West Norfolk Ridge, 
32°36.39'S, 167°50.59'E, 1331-1345 m; TAN0308, NORFANZ stn. 121; 30 May 2003. (A) Lateral view: (B) ventral view 
of head and trunk. Photograph CNORFANZ Founding Parties, photographers Robin McPhee (Te Papa) & Kerryn Parkin- 
son (AMS). 


long, 2.6—3.7 into total length. Snout long, about 1.5 times postorbital length, slender, and converg- 
ing to a sharply pointed stout, well-defined terminal scute. Underside of head covered with dark 
long fine papillae, more prominent anterior to mouth. Mouth small, with anterior of lips about level 
with a vertical through nostrils; posterior end of maxilla below vertical through posterior two thirds 
of orbit. Lips thin and covered with small papillae in smaller specimens, thicker and more promi- 
nently papillated in larger specimens. Chin barbel small, slender, its length about a third of orbit. 
Greatest orbit diameter 1.6—2.3 into snout length, 3.5—4.7 into HL, 1.1—1.5 into distance orbit to 
angle of preopercle. Exposed posteroventral tip of subopercle small, finely pointed, extending to 
near posterior end of suborbital ridge. Suborbital ridge angular and armed with stout strongly spin- 
ulated scales, well defined from tip of snout posteriorly to near end of preopercle. Anterolateral 
margins of snout not completely supported by bone. 

Teeth in upper jaw small, needle-like, in a broad uniform band. Teeth in lower jaw small, in a 
narrow band that extends back past rictus. 
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Figure 7. Coelorinchus obscuratus sp. nov. Holotype, NMNZ P.39373 (109 mm HL, 375 mm TL) West Norfolk Ridge, 
32°36,39'S, 167°50.59'E, 1331-1345 m; TAN0308, NORFANZ stn. 121; 30 May 2003. (A) Lateral view of head and trunk; 
(B) ventral view of head and trunk. Drawn by Michelle Freeborn (Te Papa). 


Origin of pectoral fin slightly ahead of pelvic fins, origin of first dorsal fin about level with a 
vertical through origin of pelvic fin. Fins except most rays of second dorsal fin well developed. 
First dorsal fin short, lacking any prolonged rays; its height much less than snout length (1.1—1.5 
into snout length) and slightly more than distance orbit to preopercle; its base about equal to inter- 
space between first and second dorsal fins (0.7—1.4 into interspace). Pectoral fin length about equal 
to height of first dorsal, its tip not extending to origin of anal fin. Pelvic fin with outer ray slightly 
prolonged into a hair-fine tip that does not extend to anal fin origin. Anal fin well developed, long 
based, extending to end of tail where it is confluent with second dorsal fin. Second dorsal fin low 
over almost entire length, its longest anterior rays slightly longer than barbel length. 

Scales large, adherent, covered with discrete parallel rows of stout, arrow-head shaped over- 
lapping spinules with the central spinule row enlarged. Scales below interspace of first and second 
dorsal fins with 6-10 rows of spinules. Nasal fossa almost completely lacking scales anteriorly to 
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the nasal ridge, and ventrally to the suborbital ridge or with a few rows of intervening small scales. 
Dorsal surface of head almost entirely covered with strong spinulated scales. Smaller specimens 
with thin naked longitudinal strips on dorsal head. Underside of head and lower jaw lacking scales 
except for 1-2 longitudinal rows of scales at posterigr ends on each side of head, a few scales 
between posterior angles of lower jaw and suborbital ridge, and a few scute-like scales anteroven- 
trally associated with suborbital ridge. 

Fresh body coloration pale grayish-brown, lacking prominent markings. Larger specimens 
darker. Underside of head pale grayish-brown. Lips dusky to blackish (especially in young), oral 
cavity dark gray to blackish, and lining of gill cavity and branchiostegal membranes dark bluish- 
black. Narrow, dark orbital ring more prominent on the anterior, dorsal and ventral rim of orbit. All 
fins dusky in smaller specimens to blackish in larger specimens and lacking prominent markings. 
Dark and dusky coloration retained but less obvious in preserved specimens. 

DisTRIBUTION.— Only collected from the continental slope of the West Norfolk Ridge west of 
New Zealand and the Norfolk Ridge south of New Caledonia (Figure 4). Capture depths ranged 
from 1013-1460 m. This species seems to be one of the deepest-dwelling members of the genus. 

SIZE.— Attains a maximum size of more than 152 mm HL and 450 mm TL. 

ETyMOLOGy.— The specific name is taken from the Latin meaning darkened or obscured. 

COMPARISONS.— Coelorinchus obscuratus falls in the Species Group | of Iwamoto (1990) in 
having no external evidence of a light organ and having no prominent markings on the body. It is 
similar to C. /abiatus (Koehler, 1896) from the eastern North Atlantic in having a long snout and 
an orbit marked with a blackish rim, but C. /abiatus differs in having an entirely naked underside 
of head and in having the dorsal surface of head with broad naked areas behind the anterolateral 
edge of the snout. It also appears similar to C. occa (Goode and Bean, 1885) from the central North 
Atlantic, but that species lacks a blackish rim around the orbit and has much more coarsely spinu- 
lated scales. Coelorinchus aratrum Gilbert, 1905 is a similar long-snouted species from Hawaii but 
has fewer (3-5) divergent spinule rows and the first dorsal fin is black at the base, bright white dis- 
tally. Coelorinchus doryssus Gilbert, 1905, also from Hawaii, appears to have a larger mouth and 
the scales on the dorsal head surfaces are minutely spinous. 

REMARKS.— The new species may have a restricted distribution as it was not taken during 
sampling at depths of 395-2105 m in the New Caledonia region to the north (Iwamoto and Mer- 
rett 1997), and it was also not collected during numerous deepwater trawl samples around New 
Zealand to the south. The species may be difficult to sample because it appears to be deep living, 
with samples probably being taken closer to the maximum recorded depth and also because it 
appears to have a very low abundance as it was only taken in small numbers (17 total to date). 
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Nelsonioideae comprise the basal lineage among clades of Acanthaceae. Species in 
this subfamily are characterized morphologically by several symplesiomorphies and 
at least one synapomorphy (descending-cochlear aestivation pattern of the corolla 
lobes). Phylogenetic relationships were studied among five of the seven genera in the 
subfamily: Anisosepalum, Elytraria, Nelsonia, Ophiorrhiziphyllon, and Staurogyne. 
DNA sequence data from two genic regions (chloroplast trnS-G and nrITS) of 22 col- 
lections were used to generate phylogenetic trees using parsimony, maximum likeli- 
hood, and Bayesian methods of cladistic analysis. Combined molecular analyses all 
strongly support Elytraria as monophyletic, recover a clade consisting of the mor- 
phologically similar genera ((Ophiorrhiziphylion + Staurogyne) Anisosepalum), and 
are ambiguous with respect to the topologic position of Nelsonia. Nelsonioideae 
include about 170 species that occur primarily in tropical regions of both the Old 
World and the New World. Phylogeographic analyses of 11 species of the widely dis- 
tributed E/ytraria using Fitch optimization and dispersal-vicariance analysis (DIVA) 
support an African origin for the genus with a single dispersal event to the New 
World (likely by rafting of seeds or entire plants) followed by radiation and specia- 
tion there. 


Acanthaceae contain about 220 genera (Scotland & Vollesen 2000) and some 4,000 species 
(McDade et al. 2008) that occur primarily in tropical and subtropical regions worldwide. Four mor- 
phologically distinctive subfamilies were recognized by Lindau (1895): Nelsonioideae, Mendon- 
cloideae, Thunbergioideae, and Acanthoideae. Recent molecular studies have confirmed monophy- 
ly for each of these, but suggest that Mendoncioideae and Thunbergioideae might be better treated 
as sister taxa of a single subfamily, Thunbergioideae (McDade et al. 2008: Borg et al. 2008). Phy- 
logenetic relationships based on a combination of nuclear and chloroplast DNA sequence data have 
been studied in numerous genera in each of these subfamilies except Nelsonioideae (e.g., Hedrén 
et al. 1995; Scotland et al. 1995; McDade et al. 2000, 2005, 2008; Manktelow et al. 2001; Kiel et 
al. 2006; Daniel et al. 2008; Borg et al. 2008). Based on a limited sampling of genera, Nelso- 
nioideae have been shown to be basal to all other lineages of Acanthaceae (e.g., Scotland et al. 
1995: McDade et al. 2000, 2008). Studies of phylogenetic relationships and biogeographic patterns 
based on phylogenetic trees (phylogeography) among genera of this subfamily are particularly 
desirable to better understand aspects of morphological and molecular evolution in the family and 
among related lineages of Lamiales. 

Nelsonioideae include about 170 species in seven genera that occur primarily in tropical 
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TABLE |. Genera, species richness, and geographic distribution of genera of Nelsonioideae. Total 
number of species per genus is followed in parentheses by number sampled here. 


Genera No. Species (no. sampled) Geographic Distribution 

Anisosepalum E. Hossain 31) tropical Africa 

Elytraria Michx. 22 (11) tropical Africa, Madagascar, Indian subcontinent, 
New World 

Gynocraterium Bremek. 1 (0) northern South America 

Nelsonia R. Br. I—5 (1) tropical Africa, southern Asia, Australia, New 
World (native?) 

Ophiorrhiziphyllon Kurz 1 (1) southeastern Asia 

Saintpauliopsis Staner 1 (0) tropical Africa 

Staurogyne Wall. ~140 (1) Africa, Asia, northern Australia, New World 


regions of both the Old World (OW) and the New World (NW) (Table 1). The subfamily is char- 
acterized by the following morphological traits: lack of cystoliths (symplesiomorphy), lack of reti- 
nacula (symplesiomorphy), relatively large numbers of ovules (symplesiomorphy), and descend- 
ing-cochlear aestivation pattern of the corolla lobes (synapomorphy). Although usually treated 
within Acanthaceae, this assemblage of genera has also been treated as a tribe of Scrophulariaceae 
(Bremekamp 1953, 1965) and as a distinct family (Sreemadhavan 1977; Lu 1990). 

In this study, we present putative phylogenetic relationships among five of the seven genera of 
nelsonioids based on sequence data from the internal transcribed spacer region of the nuclear ribo- 
somal repeat (nrITS) and the non-coding chloroplast #rS-G intergenic spacer. In addition, sam- 
pling within the second largest and most widely distributed genus of the subfamily, Elytraria, was 
more extensive so that phylogenetic and biogeographic relationships of species in this genus might 
begin to be assessed. Specifically, our goals include: 1) proposing generic relationships within the 
subfamily, 2) testing monophyly for this sampling of E/vrraria, 3) proposing specific relationships 
within Elytraria, 4) establishing an area of origin for El/ytraria, and 5) providing additional biogeo- 
graphic insights based on phylogeographic analyses. 


MATERIALS AND METHODS 


TAXON SAMPLING.— Full or partial sequence data of 22 collections, representing five of the 
seven genera of Nelsonioideae and |1 of the 22 species of Elvtraria, were obtained (Appendix 1). 
We were unable to obtain sequence data for samples of Gynocraterium, Saintpauliopsis, and 
E. tuberosa; samples of the other eight species of Elytraria were unavailable. Indeed, many species 
of Elytraria remain poorly collected due to their limited distributions. For example, £. Alugii is 
known only by the type collection from Peru. Because one of our goals was to elucidate major bio- 
geographic relationships in E/ytraria, and because several species are poorly known or collected, 
our taxon sampling for phylogeographic analyses sometimes included only one representative from 
a geographic area (e.g., only one of the six species endemic to Cuba was sampled). Aphelandra 
maculata (Acanthoideae) was used as an outgroup; its sequence data were obtained from GenBank. 
Appendix | lists voucher data for each taxon sequenced including: taxon name, GenBank acces- 
sion number, source, collection data, and type of material (herbarium specimen or fresh sample 
dried in silica). 

MOLECULAR METHODS.— Total genomic DNA was extracted from herbarium samples up to 
80 years old or from fresh plant material dried in silica gel by using DNEasy kits (Qiagen Inc., 
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Valencia, CA) following the manufacturer’s instructions. The nrITS and érnS-G regions were cho- 
sen for sequencing because of previous success and significant phylogenetic signal for those loci 
in other species of Acanthaceae (McDade et al. 2005). 

DNA was amplified in 25-ul reactions. The nrITS region was amplified by using a combina- 
tion of the universal primers its4 (5'-TCC TCC GCT TAT TGA TAT GC-3’) and its5 (5'-GGA AGT 
AAA AGT CGT AAC AAG G-3') (White et al. 1990) and the plant-specific primers C26A (5'-GTT 
TCT TTT CGT CCG CT-3’) and N-ne18S10 (5'-AGG AGA AGT CGT AAC AAG-3') (Wen & 
Zimmer 1996). The its4, itsS PCR reaction contained 2.5 ul 10X buffer, 0.438ul 10 mM dNTPs, 
0.625 ut] 50 mM MgCl2, 0.25 units of Biolase Zag polymerase (Bioline, Randolph, MA), and 0.54 
ul of each primer (25mM). The PCR program consisted of a denaturing step for 6 minutes at 94°C, 
35 amplification cycles of 60s at 94°C, 60s at 50-56°C, 80s at 72°C, and a final extension step of 
6 minutes at 72°C in a Biorad MyCycler thermal cycler (Biorad, Hercules, CA). The C26A, 
N-ncl8S10 PCR reaction contained 2.5-3.0 ul 10X buffer, 0.438-1.0 ul 10 mM dNTPs, 
0.625—0.75 ul 50 mM MgCl2, 0.25 units of Biolase Zag polymerase, and 0.54 wl of each primer 
(25mM). The PCR program consisted of a denaturing step for 10 minutes at 94°C, 35 amplifica- 
tion cycles of 60s at 94°C, 60—80s at 50°C, 80s at 72°C, and a final extension step of 10 minutes 
at 72°C in a Biorad MyCycler thermal cycler. The «7nS-G spacer was amplified by using primers 
tmS-GCU (35’'-GCC GCT TTA GTC CAC TCA GC-3’) and trnG-UCC (5’-GAA CGA ATC ACA 
CTT TTA CCA C) (Hamilton 1999). The «rnS-GCU, trnG-UCC PCR reaction contained 2.5 ul 10X 
buffer, 0.438 ul 10 mM dNTPs, 0.625 150 mM MgCl2, 0.25 units of Biolase Zag polymerase, and 
0.54 ul of each primer (25mM). The PCR program consisted of a denaturing step for 4 minutes at 
94°C, 35 amplification cycles of 45s at 94°C, 60s at 57°C, 80s at 72°C, and a final extension step 
of 6 minutes at 72°C in a Biorad MyCycler thermal cycler. 

PCR products were verified prior to sequencing by using agarose gel electrophoresis; they 
were cleaned with ExoSAP (Exonuclease I and Shrimp Alkaline Phosphatase). The PCR product 
was prepared for sequencing by using the primers from PCR amplification and BigDye fluorescent 
dye-terminator reagent mix (Perkin-Elmer, Foster City, CA). Sequence reaction products were 
purified with Sephadex G-50 columns (GE Healthcare, Piscataway, NJ) to remove unincorporated 
dye terminators, Sequences were generated on an ABI 3100 automated sequencer (Applied Biosys- 
tems, Inc., Foster City, CA) in the Osher Molecular Lab at the Center for Comparative Genomics 
at the California Academy of Sciences. 

SEQUENCE ALIGNMENT.— Sequences were manually edited in Sequencher 4.7 (Gene Codes 
Corp., Inc., Ann Arbor, MI). Rough alignments were performed in Sequencher 4.7 and ClustalX 
1.83 (Thompson et al. 1997) and sequences were further aligned by eye in MacClade 4.08 (Mad- 
dison & Maddison 2005). The nrITS matrix was trimmed to include only the two spacers, ITS1 and 
[TS2, and the 5.88 RNA region. Sequences of nrITS could not be obtained for seven (about one- 
third) of the taxa, possibly due to the low quality of DNA in some of the herbarium specimens. The 
trnS-G sequence data for one taxon were not obtained, likely for the same reason. 

DATA CONGRUENCE.— Congruence of the two data sets (nrITS and trnS-G) was tested using 
the partition homogeneity test (Farris et al. 1994, 1995) as implemented by PAUP* (Phylogenetic 
Analysis Using Parsimony) version 4.0b10 (Swofford 2002). To test for congruence, the two data 
sets were reduced to 14 taxa, i.e., they included only those taxa for which sequences of both regions 
were obtained. Parameters were set to 100 replicates and 5,000 maximum trees. The test found the 
two data sets to be congruent (p = 0.12), and further phylogenetic analyses were conducted for each 
region separately and in a combined data set. 

PHYLOGENETIC ANALYSES.— Maximum parsimony (MP), maximum likelihood (ML), and 
Bayesian inference tests were conducted to create phylogenetic trees. Clade support was calculat- 
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ed by using bootstrap methods (Felsenstein 1985) for MP trees and Bayesian Posterior Probabili- 
ties (BPP) for ML and Bayesian trees. 

MP analyses were performed in PAUP* by using branch and bound searches for single regions 
and a heuristic search for the combined data set. Characters were equally weighted and unordered, 
with gaps treated as missing data. Heuristic searches were run using 5,000 random replicates and 
TBR branch swapping. Bootstrap analyses for single region data sets were run using 1,000 repli- 
cates, TBR branch swapping, 10,000 max trees (5,000 in the combined analysis), and 10 random 
addition sequences per bootstrap replicate. Clades with a bootstrap value of > 90% were consid- 
ered to have strong support, 80-90% moderate support, and < 80% weak support. 

For the ML and Bayesian analyses, we used MrModeltest 2.2 (Nylander 2004) to find the best- 
fit model of nucleotide substitution. MrModeltest uses four different hierarchies to calculate the 
likelihood ratio between models (Posada & Crandall 2001). We then conducted the ML analyses in 
PAUP®*, starting with a neighbor joining tree and using the parameters in the best-fit model chosen 
by the hierarchical likelihood test. Bayesian analyses were performed in MrBayes 3.1.2 (Huelsen- 
beck & Ronquist 2001; Ronquist & Huelsenbeck 2003). We used a separate best-fit model to rep- 
resent each DNA region, then combined the two data sets, and implemented both models by parti- 
tioning the data. Two Markov chain Monte Carlo (MCMC) runs were performed, each with one 
cold chain and three heated chains for 5,000,000 generations, saving a tree every 1,000 generations. 
Likelihood scores were determined to be stationary at 345,000 generations (the “burn-in” point), 
and data prior to this point were discarded. Clades with Bayesian Posterior Probabilities > 95% 
were considered to have strong support, 90-95% moderate support, and < 90% weak support. 

CONSTRAINT ANALYSIS.— An alternative phylogenetic hypothesis was evaluated using Mac- 
Clade to create a tree that constrained the clade of interest. This tree was loaded into PAUP* as a 
constraint tree, where PAUP* used the maximum parsimony search criteria described above to find 
the shortest tree consistent with the new tree topology. The difference in length between the origi- 
nal and constrained trees provides an indication of the parsimony cost (additional steps) involved 
in accepting the alternative hypothesis. 

PHYLOGEOGRAPHIC ANALYSES.— Ancestral areas for E/vtraria were located using both Fitch 
optimization (Maddison et al. 1992) and dispersal-vicariance analysis (DIVA 1.1; Ronquist 1996, 
1997). Fitch optimization is run in PAUP* and codes geographic area as a single multistate char- 
acter that is treated as unordered. DIVA codes for presence/absence and uses each geographic area 
as a separate character. DIVA requires a fully resolved tree. For both of these analyses, a pruned 
version of the ML phylogeny shown in Figure 6 was used. To simplify the dataset, we included a 
single branch per species. Each taxon used in the analysis (with the exception of £. imbricata) was 
assigned to one of six geographic areas: Africa, Madagascar, Greater Antilles, southeastern USA, 
South America, and western USA/Mexico/Central America. These areas were chosen because most 
species of Elyiraria are restricted to just one of them. Elytraria imbricata is the only species pres- 
ent in two areas, western USA/Mexico/Central and South America. Fitch optimization assumes dis- 
persal as the only mode of speciation. DIVA finds the optimal ancestral area by assuming vicari- 
ance and penalizing for dispersal and extinction events. In DIVA, vicariance and duplication events 
carry a cost of zero, whereas dispersal and extinction events each carry a cost of one, Optimiza- 
tions try to minimize the cost. For the DIVA analysis, we constrained the number of ancestral areas 
to include no more than two using the “maxareas” option. The number of maxareas was chosen on 
the basis of the maximum number of areas occupied by an extant species (Mansion & Struwe 2004; 
Oberprieler 2005). 
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RESULTS 


SEQUENCE DATA.— Table 2 summarizes the sequence data characteristics for each genic region 
as well as the combined data set, and includes number of OTUs sequenced, aligned length, % GC 
content base frequencies, proportion of variable sites, proportion of parsimony informative sites, 
range of pairwise distances (for all taxa and for E/ytraria only), MP analysis tree parameters, and 
each of the models chosen by MrModeltest and used in the ML and Bayesian analyses. 

PHYLOGENETIC ANALYSES.— MP analysis of the f7#S-G data set resulted in two equally most 
parsimonious trees. A strict consensus of these trees is moderately well resolved (Fig. 1). There is 
moderate to strong support for six clades: E/vtraria (Bootstrap Support, BS = 97%), E. imbricata 
(BS = 88%), E. imbricata + E. mexicana (BS = 95%), E. bromoides (BS = 90%), FE. nodosa (Mada- 
gascar) + E. acaulis (Malawi) (BS = 90%), and Anisosepalum + Staurogyne (BS = 98%). The rela- 
tionships of other species within E/ytraria and the relationships of the other genera of Nelso- 
nioideae are poorly supported or are represented by polytomies. The t77S-G ML analysis yielded a 
similar tree (Fig. 2). The ML tree shows strong support for monophyly of Elvtraria (BPP = 97%), 


TABLE 2. Summary of sequence data characteristics for nrlTS region, wnS-G spacer, and combined 
dataset. Search method used in maximum parsimony analyses: *branch and bound, **heuristic. 


nrlTS trnS-G combined 
dataset 
Number of OTUs 15 2] 2? 
Aligned length 612 704 1316 
"% CG content 64.10% 30.00% 45.86% 
Base frequencies 
A 0.194 0.385 0.296 
Cc 0.33 0.136 0.226 
G 0.311 0.164 0.232 
En 0.165 0.315 0.245 
Variable sites (proportion) 340 (0.556) 224 (0.318) 564 (0.429) 
Parsimony informative sites (proportion) 163 (0.266) 72 (0.102) 235 (0.179) 
Pairwise distances, all taxa (range, %) 0.2—33.8% 0.0—23.2% 0.1—25.5% 
Pairwise distances, Elytraria only (range, %) 0.2—11.4% 0.0—3.7% 0,1—9.5% 
Maximum parsimony analyses 
Number of most parsimonious trees found és ‘i pie 
Length (all characters) 597 283 900 
Length (parsimony informative characters) 
383 118 512 
Consistency index (parsimony informative characters) 
0.674 0.678 0.668 
Retention index (parsimony informative characters) 
0.642 0.796 0.688 
Maximum likelihood analyses 
Model chosen by MrModelTest K80+G HKY85+G GTR+G 


Bayesian analyses 


Model chosen by MrModel Test HK Y85+G 
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E. imbricata (BPP = 100%), 
E. imbricata + E. mexicana (BPP 
= 100%), E. bromoides (BPP = 
100%), a “Greater Antilles” 
clade consisting of species of 
Elytraria from Cuba (E. planifo- 
lia) and Haiti (£. prolifera) (BPP 
= 95%), a “Gulf of Mexico” 
clade consisting of (£. carolin- 
iensis + E. macrophylla) 
“Greater Antilles” clade (BPP = 
100%), E. nodosa (Madagascar) 
+ FE. acaulis (Malawi) (BPP = 
100%), E. nodosa + two eastern 
African species (BPP = 97%), 
and Anisosepalum + Staurogyne 
(BPP = 100%). Strong support 
for a clade of African/Malagasy 
+ “Gulf of Mexico” species of 
Elytraria (BPP = 97%) was 
recovered in this tree, but not in 
any other analysis. Bayesian 
analysis yielded a tree (not 
shown) almost identical to the 
ML tree, but with £. marginata 
sister to the “Gulf of Mexico” 
clade (BPP = 85%) instead of to 
the eastern African species of 
Elytraria. 

MP analysis of the nrlTS 
data set resulted in a single, mod- 
erately well resolved tree (Fig. 
3). There is strong support for 
monophyly of Elvtraria (BS = 
99%), the “Greater Antilles” 
clade (BS = 96%), E. nodosa + 
E. acaulis (BS = 100%), and 
Ophiorrhiziphylion + Staurogyne 
(BS = 100%). All NW Elviraria 
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FIGURE |. Strict consensus of two most parsimonious trees from a anS-G 
branch and bound analysis. Values at nodes indicate bootstrap support > 70%. 
L = 597 (all characters), Cl = 0.674, RI = 0.642. 
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FIGURE 2. Maximum likelihood tree based on a trnS-G analysis using the 
K80+G model of evolution. Values at nodes indicate Bayesian posterior prob- 
abilities > 90%, 


form a clade sister to the eastern African/Malagasy clade (BS = 99%). The ML tree (Fig. 4) shows 
strong support for Elvtraria (BPP = 100%), £. imbricata + E. mexicana (BPP = 100%), E. nodosa 
(Madagascar) + EF. acaulis (Malawi) (BPP = 100%), NW Elytraria as sister to the eastern 
African/Malagasy clade (BPP = 100%), and Ophiorrhiziphyllon + Staurogyne (BPP = 99%). The 
Bayesian (not shown) and ML trees were nearly identical, except that E. bromoides formed an 
unsupported clade together with FE. planifolia and E. prolifera in the former tree. 

MP analysis of the combined nrITS + trnS-G data set resulted in 20 equally most parsimonious 
trees. A strict consensus of these trees (Fig. 5) is similar to the nrITS MP tree (Fig. 3), but less well 
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resolved due to multiple col- 
lapsed branches. This tree shows 
moderate to strong BS support 
for eight clades: Elytraria (BS = 
99%), E. imbricata + E. mexi- 
cana (BS = 98%), E. bromoides 
(BS = 87%), the “Greater 
Antilles” clade (BS 98%), 
E. nodosa + E. acaulis (BS = 
92%), E. nodosa + two eastern 
African species (BS = 80%), 
Ophiorrhiziphyllon + Staurogyne 
(BS = 100%), and Ophior- 
rhiziphyllon + Staurogyne + 
Anisosepalum (BS = 84%). The 
combined ML tree (Fig. 6) is 
identical to the Bayesian tree (not 
shown), except for the placement 
of Nelsonia, which has no BPP 
support. The ML tree shows 
strong BPP support for all eight 
clades supported in the MP 
analysis: Elytraria (BPP = 
100%), E. imbricata + E. mexi- 
cana (BPP = 100%), FE. bro- 
moides (BPP = 100%), the 
“Greater Antilles” clade (BPP = 
100%), E. nodosa + E. acaulis 
(BPP = 100%), E. nodosa + two 
eastern African species (BPP = 
97%),  Ophiorrhiziphyllon + 
Staurogyne (BPP = 100%), and 
(Ophiorrhiziphyllon + Staurogy- 
ne) Anisosepalum (BPP = 100%). 
BPP values also add strong sup- 
port for the “Gulf of Mexico” 
clade (BPP = 99%), an eastern 
African/Malagasy clade (BPP = 
97%), NW Elytraria (BPP = 
98%), and NW Elytraria + west- 
ern/central African Elytraria 


II 
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FIGURE 3. Single most parsimonious tree resulting from a nrITS branch and 


bound analysis. Values at nodes indicate bootstrap support > 70%. L = 283 (all 
characters), Cl = 0.678, RI = 0.796. 
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Figure 4. Maximum likelihood tree based on a nrITS analysis using the 


HKY+G model of evolution. Values at nodes indicate Bayesian posterior prob- 
abilities > 90%. 


(BPP = 99%). The eastern African/Malagasy clade is basal in the genus. 


PHYLOGEOGRAPHIC ANALYSES. 


Fitch parsimony optimization resulted in an optimization 


tree (Fig. 7) of five steps (dispersals), with the basal node ancestral area being scored unambigu- 
ously as Africa. A single trans-Atlantic dispersal event occurred from Africa to western 
USA/Mexico/Central America, and from there dispersals occurred to the southeastern USA, the 
Greater Antilles, and South America. There was also a dispersal event from Africa to Madagascar. 
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The DIVA reconstruction (Fig. 8) 
yielded two alternative ancestral 
areas for the basal node. One sce- 
nario identifies an ancestral area 
of Africa with a subsequent dis- 
persal event to western 
USA/Mexico/Central America. 
The other scenario identifies a 
vicarlance event with an ances- 
tral area of Africa and western 
USA/Mexico/Central America. 
DIVA identified five dispersal 
events, four to five vicariance 
events, and five to six duplica- 
tion events, with the number of 
vicariance and duplication events 
depending on the ancestral area 
of the basal node. 
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Ficure 5. Strict consensus of 20 most parsimonious trees from a combined 
trnS-G and nrITS heuristic analysis. Values at nodes indicate bootstrap support 
> 70%. L = 900 (all characters), CI = 0.668, RI = 0.688. 


DISCUSSION 


Molecular Phylogenetics 


RELATIONSHIPS OF GENERA OF NELSONIOIDEAE.— From our analyses of samples from five of 
the seven genera of Nelsonioideae, a lineage consisting of Sfaurogyne, Ophiorrhiziphyllon, and 
Anisosepalum is recovered in both combined analyses (e.g., Fig. 6, BPP = 100%). Hossain (1971) 
hypothesized that based on morphological characters (e.g., calyx five-partite), these three “staurog- 


ynoid” genera (plus Gynocrateri- 
um and Saintpauliopsis, neither 
of which were included in our 
analyses) are more closely relat- 
ed to each other than to Elytraria 
and Nelsonia (both of which 
have the calyx four-partite with 
the posterior lobe incompletely 
fused). Indeed, several species of 
Anisosepalum were originally 
described in Staurogyvne, and 
Ophiorrhiziphylion differs from 
Staurogyne in rather minor char- 
acters (e.g., smaller connective 
between anther thecae, stamens 
long-exserted vs. included or 
slightly exserted in Staurogyne, 
and thecae elongate vs. subglo- 
bose to globose in Staurogyne). 
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EE. imbricata Aruba 
&. imbricata Bolivia TFD 10,131 
£. imbricata Yucatan 
100 EL imbricata Texas 
E. imbricata Bolivia TFD 10,108 


92 


i E. mexicana Mexico 
100) E. bromoides Mexico TFD 10,310 
98 E. bromoides Mexico TED 10,505 
99— EF. macrophylla Mexico 
99 E. caroliniensis $.E. United States 
7 


a E. planifolia Cuba 
— E. prolifera Haiti 


shal E£. marginata Dem. Rep. of Congo 
100 E. nodosa Madagascar 
p7 & acaulis Malawi 
FE, minor Tanzania 
Nelsonia canescens 
100 Ophiorrhiziphvilon macraborvum 
100 Staurogyne concinnula 
Anisosepalum albaviolaceum 
Aphelandra maculata 


—— 0.01 substitutions! site 


FIGURE 6. Maximum likelihood tree based on a combined traS-G and 
nrITS analysis using the GTR+G model of evolution. Values at nodes indicate 
Bayesian posterior probabilities > 90%. 
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Additional sampling should 
reveal whether Staurogyne 
should be treated more broadly 
so as to include some or all of the 
four other genera either known or 
hypothesized to be closely relat- 
ed to It. 

Hossain (1971) indicated 
that Nelsonia and Elytraria were 
morphologically distinct from 
the “staurogynoid” genera of 
Nelsonioideae. Our analyses usu- 
ally place Ne/sonia separate from 
either El/ytraria or the “staurogy- 
noid” genera, but are unable to 
establish its topologic position 
relative to these other nelsonioid 
clades. Morphologically, Ne/so- 
nia shares some characters with 
Elytraria (¢.g., inflorescences of 
dense spikes bearing alternate to 
spirally arranged bracts), other 
characters with the “staurogy- 
noid” genera (e.g., hooklike pro- 
jections on the seeds), and some 
characters unique to the subfami- 
ly (e.g., absence of bracteoles). 
Divergent taxonomies of Ne/so- 
nia have been proposed with the 
number of species varying from 
one (Hossain 1984) to five 
(Vollesen 1994). Additional sam- 
pling will enable testing for 
monophyly of that genus, infra- 
generic relationships, and_ its 
placement within Nelsonioideae. 

MONOPHYLY OF ELY- 
TRARIA.— All phylogenetic 
analyses strongly support mono- 
phyly of Elytraria (BS = 97- 
99%, BPP = 97-100%). On the 
basis of morphological charac- 
ters, Elvtraria has been recog- 
nized for more than 150 years 
(Nees 1847) as a cohesive taxon 
that occurs on multiple conti- 
nents in both the OW and the 
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GD (C) Southeastem USA 

@ (D) Western USA/ Mexico! Central America 

BB (E) Greater Antilles 

(D+F) Western USA/ Mexico! Central America + South America 
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FIGURE 7. Fitch optimization tree showing five dispersal events. Area des- 
ignations (in parentheses): (A) Mainland Africa, (B) Madagascar, (C) South- 
eastern USA, (D) Western USA/Mexico/Central America, (E) Greater Antilles, 
(F) South America. 


C] Vicanance Event 
WW Duplication Event 


C— Dispersal Event 


FiGURE &. Ancestral area reconstruction based on DIVA, using a pruned 
tree from the ML analysis of the combined dataset. DIVA set to maxareas = 2. 
Area designations (in parentheses): (A) Mainland Africa, (B) Madagascar, (C) 
Southeastern USA, (D) Western USA/Mexico/Central America, (E) Greater 
Antilles, (F) South America. Ancestral areas separated by a slash represent 
equally parsimonious reconstructions. Results include 4—5 vicariance events 
(allopatric speciation), 5—6 duplication events (sympatric speciation), and 5 
dispersal events, depending on basal node reconstruction. 
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NW. These characters include: 1) inflorescence peduncles (scapes) covered with alternate to spiral- 
ly arranged scales (probable synapomophy), 2) four-partite calyx with anterior lobe bifid to bilobed 
(symplesiomorphy; shared with Ne/sonia), 3) seeds lacking minute hooklike projections (probable 
symplesiomorphy; shared with Anisosepalum), and 4) touch-sensitive stigma (probable synapo- 
morphy). Molecular data now confirm the taxonomic delimitation of Elyiraria, and show that the 
morphological characters coincide with the phylogeny recovered in our analyses. 

INFRAGENERIC RELATIONSHIPS OF ELYTRARIA AND MONOPHYLY OF E. IMBRICATA.— Elvtraria 
consists of 22 species that occur in tropical, subtropical, and temperate regions (Appendix 2). Con- 
centrations of species are found in tropical Africa (six species; Dokosi 1979), Cuba (6 species; 
Borhidi and Muniz 1977; Dietrich 1982), and Mexico (4 species; Daniel and Acosta C. 2003). Hos- 
sain (1971, 1972) divided Elytraria into two subgenera. Subgenus 7etrandra consists of the two 
species (E. madagascariensis and E. nodosa) endemic to Madagascar; subgenus Elviraria includes 
all of the other taxa. Morphologically, the Malagasy species are unique in E/vtraria by having four 
(vs. two) fertile stamens and an anther connective with (vs. without) an apical appendage. Compar- 
ing morphological and anatomical characters of these two species to others of Elvtraria, as well as 
to other nelsonioid genera, Hossain (1971, 1972) hypothesized that many of the characteristics of 
subgenus Zetrandra are primitive within E/ytraria. Specifically, he noted the probable reduction of 
stamens from four to two in the genus. Among extant nelsonioids, androecial elements consist of 
two fertile stamens and no staminodes (Ne/sonia and some Elvtraria), two fertile stamens and one 
or more staminodes (Ophiorrhiziphyllon, most Elytraria, and some Staurogyne), and four fertile 
stamens with zero or one staminode (Anisosepalum, Gynocraterium, Saintpauliopsis, most Stau- 
rogyne, and the two Malagasy Elytraria). Combined molecular phylogenetic analyses place the 
Malagasy endemic, £. nodosa, in a moderately or strongly supported clade together with two 
species from eastern Africa (Fig. 5, BS = 80%; Fig. 6, BPP = 97%), at the base of the genus. On 
the basis of this topology, Hossain’s hypothesis that many characters of subgenus Tetrandra are 
primitive (specifically the number of stamens) is not supported. Also, topologies of the trees 
obtained in this study do not support recognition of two monophyletic subgenera as treated by Hos- 
sain. However, based on morphological characters, the two Malagasy endemics would indeed 
appear to represent closely related species worthy of infrageneric recognition. 

The combined ML analysis (Fig. 6) reveals that the OW species of F/ytraria do not form a 
monophyletic group. Indeed, the central to western African species £. marginata is strongly sup- 
ported as sister to the NW clade of the genus in this analysis (Fig. 6, BPP = 99%). In both MP and 
ML analyses, a clade consisting of the eastern African species and £. nodosa from Madagascar are 
supported as monophyletic (Fig. 5, BS = 80%: Fig. 6, BPP = 97%) and strongly supported as sis- 
ter to NW Elytraria + E. marginata (Fig. 5, BS = 99%; Fig. 6, BPP = 100%). Constraining OW 
Elytraria to monophyly by altering the placement of E. marginata in our combined MP tree (Fig. 
5) requires only two additional steps (L=900 vs. 902). The constraint analysis suggests that mono- 
phyly of OW Elytraria cannot be rejected by our data. The taxonomy of OW species has yet to be 
fully resolved and our samples do not include any plants from Asia (1.¢., £. acaulis from India and 
Sri Lanka). 

In the combined ML analysis, the NW species of E/vtraria form a strongly supported clade 
(Fig. 6, BPP = 98%), but this clade is not supported in the MP analyses. The topologic positions of 
three oft recovered NW lineages: E. imbricata + E. mexicana, E. bromoides, and the “Gulf of Mex- 
ico” clade, vary in each of the analyses. Moderate to strong support for a monophyletic £. imbri- 
cata is shown only in the inS-G phylogenies (Fig. 1, BS = 88%; Fig. 2, BPP = 100%), which have 
E. mexicana as sister to E. imbricata. When the nrITS data is added, a monophyletic E. imbricata 
either has no support (Figs. 5, 6), or E. mexicana is placed within E. imbricata (Figs. 3, 4). Ely- 
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fraria mexicana is known only from semi-arid regions of central and western Mexico (Daniel & 
Acosta C. 2003), within the range of E. imbricata. Morphologically, these species appear to be very 
similar; they differ primarily in characters of the bracteal apex (acuminate-spinose in E. mexicana 
vs. prominently 3-parted, at least among distal bracts, in E. imbricata), bracteal pubescence (abax- 
ially villous in E. mexicana vs. abaxially usually glabrous in E. imbricata), and color of the corol- 
la limb (whitish with dark purple markings on the lobes of the upper lip in E. mexicana vs. blue 
with white and yellow markings on the lower lip or rarely entirely white in £. imbricata). The mor- 
phological distinctions and taxonomic status of these two species are currently being reevaluated: 
however, our results substantiate a close relationship between them. 


Phylogeography 


DISTRIBUTIONS OF NELSONIOIDEAE.— Genera of Nelsonioideae exhibit diverse patterns of 
present-day distribution (Table 1). The largest genus, Staurogyne, has concentrations of species in 
South America, Africa, and Asia; a few species also occur in southern North America and northern 
Australia. Close relatives of Stawrogyne, both known (Anisosepalum and Ophiorrhiziphyllon) and 
suspected (Gynocraterium and Saintpauliopsis), are restricted to areas with significant concentra- 
tions of species of that genus. Ne/sonia is pantropical with native occurrences in Africa, Madagas- 
car, Asia, Australia, and possibly the NW (Hossain 1971; Vollesen 1994). Elytraria appears to be 
particularly widespread in both the OW and NW tropics, with several NW species either extending 
their ranges into (e.g., E. bromoides, E. imbricata) or endemic to (e.g., E. caroliniensis) temperate 
regions. 

AREA OF ORIGIN AND DISPERSAL OF ELYTRARIA.— DIVA provides two alternative ancestral 
areas, either Africa or Africa and western USA/Mexico/Central America. Fitch optimization results 
in an ancestral area of Africa, with a single dispersal event to the New World, from western or cen- 
tral Africa across the Atlantic Ocean. Because both analyses include an optimization of Africa at 
the ancestral node of E/ytraria, most evidence supports Africa as the area of origin for this genus. 
Because available evidence and analyses to date (see McDade et al. 2005, 2008) establish that 
Acanthaceae evolved subsequent to the breakup of the Gondwanan landmass, dispersal is the most 
appropriate explanation for intercontinental disjunctions. Most recent phylogenetic studies on other 
clades of Acanthaceae have revealed an OW origin followed by a single dispersal event to the NW 
with subsequent diversification there (i.e., Acantheae, McDade et al. 2005; Isoglossinae, Kiel et al. 
2006; Tetramerium lineage of Justicieae, Daniel et al. 2008; Thunbergioideae, Borg et al. 2008). 
Our results suggest a similar scenario for Elytraria as well. 

Renner (2004) studied the mechanisms for plant dispersal across the tropical Atlantic. Wind, 
birds, water, and floating rafts of vegetation are all possible mechanisms of trans-oceanic disper- 
sal. Strong east-to-west surface winds rarely make it across the entire central Atlantic, although 
Saharan dust does occasionally make it to the New World (Renner 2004). Seeds of Elvtraria are 
small (between 0.3 and 1.0 mm in diameter), but lack attributes (e.g., wings) that might make them 
candidates for wind dispersal. Seeds of E/vtraria may have been transported across the ocean by 
sticking to mud on the feet of birds. Today there are no avian species that have tropical trans- 
Atlantic migration routes (Renner 2004), though a few sea birds are carried from West Africa 
across the Atlantic to North America by tropical storms (Rappole et al. 2000). Bird transportation 
remains a possible, though unlikely, mode of trans-Atlantic dispersal for Elytraria. 

Oceanic surface water currents influence the last two modes of dispersal under consideration: 
water and rafting. Today’s patterns of oceanic surface currents have changed little since the end of 
the Late Cretaceous (Parrish 1993). Currents in the northern South Atlantic are primarily deter- 
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mined by the placement of the continents, and modern day ocean circulation patterns are thought 
to have arisen shortly after the formation of the South Atlantic (Parrish 1993). Today, currents are 
predominantly east-to-west, with a single west-to-east current that originates well offshore (Ren- 
ner 2004). 

The small size and unprotected coating of seeds of E/ytraria render them unlikely to survive 
in salt water for prolonged periods of time. A raft of vegetation carrying seeds or entire plants pro- 
vides the best explanation for the present day distribution of Elvtraria in both the OW and the NW. 
Equatorial currents can transport large mats of vegetation coming out of the mouths of the Niger 
and Congo Rivers across the Atlantic Ocean in less than two weeks (Renner 2004; Measey et al. 
2007). There is evidence suggesting that east-to-west trans-Atlantic rafting events may account for 
dispersal in multiple plant and animal groups (Carranza et al. 2000; Cronn and Wendel 2004; Vidal 
et al. 2008). 

While the amphi-Atlantic distribution of Elytraria can be explained by a single oceanic dis- 
persal event, several shorter dispersals must also have taken place to account for its multiple insu- 
lar occurrences. Two species of Elvtraria, E. nodosa and E. madagascariensis, are endemic to the 
island of Madagascar. These species share several morphological characters not found in any other 
species of Elytraria (see above), and can be assumed to be sister species based on these putative 
synapomorphies. All molecular phylogenetic analyses strongly support placing £. nodosa sister to 
E. acaulis from eastern Africa (e.g., Fig. 5, BS = 92%; Fig. 6, BPP = 100%), suggesting a single 
dispersal event to the island from eastern Africa. Madagascar lies 400 km off the eastern coast of 
Africa and has maintained this position relative to the mainland for the last 120-130 my (Rabi- 
nowitz & Woods 2006). Rabinowitz & Woods (2006) found that the assumption of previous stud- 
ies supporting the exposure of dry land in the Mozambique Channel, connecting Madagascar to the 
mainland, to be incorrect. Rather, they found that it is unlikely there has been any land exposure 
since before the middle Eocene (50 mya), when the first mammals migrated to Madagascar. Rabi- 
nowitz & Woods (2006) hypothesized that the early mammals probably arrived by swimming or 
by floating on vegetation mats, the most likely method for dispersal of E/vtraria there as well. 

Island dispersal has also occurred in the Gulf of Guinea, where the widespread West African 
Elytraria marginata is found on the islands of Sao Tomé and Principe. These oceanic islands are 
part of the Cameroon Line of volcanoes and lie over 200 km from the mainland. With ages of at 
least 13 and 31 million years (Lee et al. 1994), respectively, Sao Tomé and Principe have never 
been connected to continental Africa (Jones 1994). Measey et al. (2007) propose that the coloniza- 
tion of Sdo Tomé by amphibians was via rafting events. Major sea surface currents in the Gulf of 
Guinea would carry any rafts of debris from the Niger and Congo rivers directly towards Sao Tome, 
making rafting a plausible explanation for the dispersal of E/ytraria to these islands. 

In the Caribbean Sea, Elyvtraria occurs on several islands. In some cases, dispersals have led 
to the formation of new species (e.g., Cuba and Hispaniola); in other cases, insular occurrences of 
E. imbricata likely result from recent colonizations or persistence of the species on islands previ- 
ously connected to the American mainland during periods of lower sea levels (e.g., Trinidad, Toba- 
go, Bonaire, Curacao, Isla San Andrés). 


Future Studies 


These preliminary findings address phylogenetic relationships of several constituent genera of 
Nelsonioideae, relationships of species in E/ytraria, and biogeographic patterns based on the phy- 
logenies recovered. Relationships of the seven genera of Nelsonioideae remain unresolved due to 
weak or no support in the lower branches of the trees and absence of data for some genera 
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(Gynocraterium and Saintpauliopsis). Future studies on Nelsonioideae will include additional field 
and herbarium work in order to obtain collections of more taxa (i.e., species of E/vtraria and other 
genera of Nelsonioideae), and will add sequences from additional genic regions. These additions 
should result in more comprehensive and better resolved trees that can further address taxonomic 
composition and monophyly of the subfamily, whether “staurogynoid” genera should be treated in 
a broader Stawrogyne, the infrageneric classification of Staurogyne proposed by Hossain (1971), 
and phylogeography of the entire subfamily. Phylogeography of this basal lineage of Acanthaceae 
should be particularly revealing because the distribution patterns of extant genera common to both 
the OW and the NW (Elytraria, Nelsonia, and Staurogyne) suggest a more dynamic history of 
intercontinental dispersals than is known for other lineages of Acanthaceae studied to date. 
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Appendix I 


Taxa, GenBank accession numbers (trnS-G, nrlTS; — = sequence not obtained), sources of plant mate- 
rials from which DNA was extracted for sequencing, and type of material used for sequencing (herbarium 
specimen = H vs. silica-dried sample = S). Cultivated plants include native range in parentheses. Abbrevia- 
tions for herbaria follow Holmgren et al. (1990). Taxa are listed in alphabetical order by genus and species. 


Anisosepalum alboviolaceum (R. Ben.) E. Hossain; FJ868921, FJ868907; Champluvier 5,295 (CAS); Mbomo, 
Congo; H. Aphelandra maculata (Tafalla ex Nees) Vass; DQ059281, DQO028451, sequences downloaded from GenBank. 
Elvtraria acaulis Lindau; FJ868940, FJ868920; Govoler & Paton 3,520 (BR); Malawi; [H. Elytraria bromoides Oerst.; 
FIS68929, FIS68914; TF Daniel 10,310 (CAS); Yucatan, Mexico; S. Elytraria bromoides Oerst.; FJ868930, —; TF. 
Daniel 10,505 (CAS); Yucatan, Mexico; S. Elytraria caroliniensis (JF Gmel.) Pers.; FJS68936, FIS68918; 19712929- 
N0cv, cultivated at BR (southeastern United States); S. Elvtraria imbricata (Vahl) Pers.; FJS8S68928, FJ8S68913; TF Daniel 
10,108 (CAS); Santa Cruz, Bolivia; S. Elytraria imbricata (Vahl) Pers.; FJ868927, —; TF) Daniel 10,131 (CAS); Santa 
Cruz, Bolivia; S. Elvtraria imbricata (Vahl) Pers.; FJ868924, FJ868910; TF Daniel 10,501 (CAS); Yucatan, Mexico; 
S. Elytraria imbricata (Vahl) Pers.; FJ868925, FJ868911; TF. Daniel s.n. (CAS); Trinidad; S. Elytraria imbricata (Vahl) 
Pers.; FI868923, —; E.J. Lott 5,175 (CAS); Texas, United States; H. Elvytraria imbricata (Vahl) Pers.; FJ898626, 
FI868912; Van Proosij et al. 719 (NY); Paradera, Aruba; H. Elytraria macrophylla Leonard; FJ868933, —; Rzedowski 
43,302 (CAS); Queretaro, Mexico; H. Elytraria marginata Vahl; FJS868937, —; 1986033 2cv, cultivated at BR (Democrat- 
ic Republic of Congo), S. Elytraria mexicana Fryxell & S.D. Koch; FIS68931, FIS68915; TF Daniel 5,284 (CAS); Coli- 
ma, Mexico; H. Elytraria minor O.B. Dokosi; FJS68938, —; Faulkner 1,783A (BR); Tanzania; H. Elvtraria nodosa E. Hos- 
sain; FIS68939, FI868919; TF Daniel et al. 10,452 (CAS); Antsiranana, Madagascar; S. Elytraria planifolia Leonard; 
FJ868934, FJS68916; R.A. Howard et al. 341 (NY); Villa Clara Province, Cuba; H. Elytraria prolifera Leonard; FJ868935, 
FJS68917; Plantae Indiae Occidentalis 8,877 (NY); le La Gunave, Haiti; H. Nelsonia canescens (Lam.) Spreng.; 
FI868932, —; TF Daniel et al. 3,4352cv, cultivated at the San Francisco Conservatory of Flowers (Panama); S. Ophior- 
rhiziphyllon macrobotrvum Kurz; —, FJS68908; J. Maxwell 91-213 (CAS); Mae Hong Song, Thailand; H. Staurogyne 
concinnula (Hance) O, Kuntze; FJS68922, FJ868909; Bartholomew & Boufford 6,215 (CAS); Taipei Hsien, Taiwan; 
Hf. Elvtraria acaulis Lindau: tropical and southern Africa, Indian subcontinent 


Appendix II 


Species of E/yrraria and their native distributions. 


Elyvtraria bissei H. Dietr.: Cuba 

Elytraria bromoides Oerst.: North America, northern Central America 
Elvtraria caroliniensis (Gmel.) Pers.: southeastern USA 
Elytraria cubana Alain: Cuba 

Elytraria filicaulis Borhidi & O. Muniz: Cuba 

Elviraria imbricata (Vahl) Pers.: North America, Central America, South America 
Elytraria ivorensis Dokosi: tropical western Africa 

Elviraria klugii Leonard: Peru 

Elvtraria lyrata Vahl: tropical Africa 

Elytraria macrophylla Leonard: Mexico 

Elytraria madagascariensis (R. Ben.) E. Hossain: Madagascar 
Elytraria marginata Vahl: tropical western and central Africa 
Elytraria maritima J.K. Morton: tropical western Africa 
Elytraria mexicana Fryxell & S.D. Koch: Mexico 

Elytraria minor Dokosi: tropical eastern Africa 

Elytraria nodosa E. Hossain: Madagascar 

Elytraria planifolia Leonard: Cuba 

Elytraria prolifera Leonard: Haiti 

Elytraria shaferi (P. Wilson) Leonard: Cuba 

Elvtraria spathulifolia Borhidi & O. Muniz: Cuba 

Elvtraria tuberosa Leonard: Ecuador 


Copyright © 2009 by the California Academy of Sciences 
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Blakea attenboroughii (Melastomataceae: Blakeeae): 
A New Species from Ecuador 


Darin S. Penneys! and Lou Jost? 
Department of Botany, California Academy of Sciences, 55 Music Concourse Drive, 
Golden Gate Park,San Francisco, California 94118, U.S.A.; Email: dpenneys@calacademy.org; 
*Banos, Tungurahua, Ecuador; Email: loujost@yahoo.com 


Blakea attenboroughii, a new Ecuadorian endemic is described, illustrated, and com- 
pared with several allied species, including B. truncata, B. harlingii, and B. brasilien- 
sis. The new species is remarkable for its outer floral bracts that are large, foliaceous, 
distinctly keeled, decurrent, and basally adpressed to each other, and also for having 
lavender- to blue-colored anthers. 


Blakea (Melastomataceae: Blakeeae) is a Neotropical genus comprised of ca. 100 species of 
woody root climbers, shrubs, and trees that may be terrestrial, hemiepiphytic, or epiphytic (Alme- 
da 2000). Found from Mexico to Bolivia, including several species in the Antilles, these berry- 
fruited plants are characterized by their solitary to fascicled, axillary flowers, that are subtended by 
two pairs of decussate bracts, and laterally compressed anthers (Penneys 2007). The species pro- 
posed here is currently known only from the type locality within the Reserva Ecolégica Cerro Can- 
delaria (Fundacion EcoMinga), Tungurahua, Ecuador. This species is distinctive for having large, 
keeled, and foliaceous outer floral bracts that are basally decurrent and adpressed to each other, as 
well as for having lavender- to blue-colored anthers. This combination of characters is unique in 
the genus. 


Blakea attenboroughii Penneys, sp. nov. 

Type.— Ecuapor. Tungurahua: Reserva Ecologica Cerro Candelaria (Fundacién EcoMinga), Rio Chinchin 
Grande, 1890 m, Nov. 2007 (bud, fl), Low Jost, Javier Robayo, A. Recalde, J. Recalde 8545 (holotype: 
QCNE; isotypes: CAS, NY, QCA). Figure 1. 


Frutex hemiepiphyticus. Ramuli primum quadrangulati demum teretes. Petioli 6-20 mm longi; 
lamina 6.0—12.5 x 2.8-5.0 cm, elliptica vel angosto-obovata, apice obtusa vel rotundata, caudato- 
acuminata, basi acuta vel angosto-obtusa, ad maturitatem coriacea et glabra, 5-nervata, nervis 
secundariis 0.5—1.1 mm inter se distantibus. Flores 6-meri in quoque nodo superiore 1-2, peduncu- 
laris 27-45 mm longis; bracteae exteriores 30-39 x 13-18 mm ellipticae ad basim paulo (ca. 2 mm) 
coalitae; bracteae interiores 11-16 x 8-12 mm lato-obovatae omnino liberae. Hypanthium 
(ad torum) 7.5-8.5 mm longus; calyces tubus 2.0-2.5 mm longus, lobis 0.1—0.2 mm longis. Petala 
16-18 x 14-16 mm obovato-subrhombica. Antherae 7.7—8.1 x 3.0—3.2 mm, inter se lateraliter 
cohaerentes apice minute biporosae; connectivum ad basium dorsaliter dente 3.2—3.6 mm descen- 
denti armatum. Ovarium 6-loculare. 

Hemiepiphytic shrubs. Upper branchlets quadrate, becoming terete with age. Vegetative buds, 
young branchlets, young petioles, adaxial and abaxial leaf surfaces, and inner and outer floral 
bracts glabrous except very sparsely provided with sessile, globular-glandular and granulose hairs. 
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Mature leaves of a pair equal to somewhat unequal in size, isomorphic; petioles 6-20 mm long; 
blades planar, subcoriaceous, 6.0-12.5 x 2.85.0 cm, elliptic to narrowly obovate, apex obtuse to 
rounded and acuminate to caudate-acuminate, base acute to narrowly obtuse, shortly decurrent, 
margin entire, 5-nerved, striolate transverse secondary veins spaced 0.5—1.1 mm apart at widest 
portion of blade. Flowers erect, 1-2 in each leaf axil of uppermost branches; peduncles 27-45 mm 
long, elenticellate, quadrangular, distal wings formed by decurrent outer floral bracts. Outer floral 
bracts subcoriaceous, foliaceous, basally tinged red during anthesis, becoming reddish and showy 
in fruit, 30-39 x 13-18 mm, fused basally for ca. 2 mm, elliptic, apex acute to acuminate, spread- 
ing distally, base acute and winged-decurrent along peduncle, margin entire, multi-veined, the 
median vein prominently keeled, keel descending peduncle and jointed at point of ovary insertion; 
inner floral bracts subcoriaceous, pale green, 11-16 x 8-12 mm, free, broadly obovate, apex 
obtuse, spreading distally, margin entire, the median vein keeled. Hypanthium campanulate, 
obscurely 6-ribbed, 7.5—8.5 mm long to the torus, 7.1—7.3 mm wide, glabrous; inner hypanthium 


glabrous on both surfaces, very broadly rounded, obscure, margin entire, external calyx teeth elon- 
gate, obscure, callose thickenings descending along hypanthium ribs. Petals 6, glabrous, 16-18 x 
14-16 mm, widely obovate to subrhombic, white, entire, apex obtuse, shortly acuminate. Stamens 
12, isomorphic; filaments adaxially keeled, laterally flanged, 8.4-8.6 mm long, cream, glabrous, 
declined to one side of the flower opposing the style; anthers laterally coherent, compressed, 
7.7-8.1 x 3.0-3.2 mm, mostly lavender, dorsally blue on distal half to just below apex, connective 
appendage white; apical pores two, circular, 0.10 x 0.10 mm; anther sacs completely separated, the- 
cae surfaces smooth; connective obscurely rugose, prolonged dorso-basally into a thick, triangular 
tooth 3.2-3.6 mm long, basally sulcate. Ovary inferior, 6-celled, glabrous, locules 3.1 x 5.4 mm, 
apex conic, 2 mm high, placentation intruded axile. Style straight, apically tapering, glabrous, 
14-16 mm long; stigma truncate, 0.15 x 0.4 mm. Mature berry and seeds not seen. 

DISTRIBUTION AND PHENOLOGY.— Known only from the type locality, Blakea attenboroughii 
was found in the recently designated Reserva Ecologica Cerro Candelaria (Fundacion EcoMinga), 
Tungurahua, Ecuador, at 1890 meters. The reserve lies on the eastern slopes of the Andes, between 
the Parque Nacional Los Llanganates and Parque Nacional Sangay. The type was collected in bud 
and flower in November, and a different plant (not collected) was observed fruiting in February. 

Blakea attenboroughii is notable for its outer floral bracts that are large, foliaceous, basally 
adpressed, prominently keeled, and decurrent on the peduncles. In combination with its lavender- 
and blue-colored anthers, this species could be confused with the Colombian endemic, B. trunca- 
ta Gleason (including the synonymous 8B. mitrata Uribe). Though these two species share a num- 
ber of similar morphological characters, they can be readily distinguished. Blakea attenboroughii 
has petioles 6-20 mm long (vs. 2-7 mm in B. ¢runcata); leaves with basal nerves that descend the 
petioles (vs. leaves plinerved); outer floral bracts prominently decurrent on the peduncles (vs. outer 
floral bracts not decurrent), connate basally for only ca. 2 mm (vs. connate ca. 9 mm); hypanthium 
7.5-8.5 mm long to the torus x 7.1—7.3 mm diameter (vs. 10-13 x 15 mm); petals 16-18 x 14-16 
mm (vs. 22-30 x 12 mm), widely obovate to subrhombic (vs. narrowly ovate to oblong-lanceolate), 
and with the apex obtuse and shortly acuminate (vs. acute to long-acuminate); filaments 8.4—8.6 
mm long (vs. 10-11 mm long); anther connective appendage prolonged dorso-basally into a thick, 
triangular tooth 3.2—3.6 mm long (vs. a narrower, ascending spur, 4.5—-5.5 mm long); ovary cone 
2 mm high (vs. 5 mm); style straight (vs. curved); and stigma truncate (vs. punctiform). 

Blakea attenboroughii is also quite similar to B. harlingii Wurdack, but the latter species lacks 
decurrent outer floral bracts, and has well-developed calyx lobes, ciliate petals, and anthers that are 
about 3 mm shorter. For its foliaceous outer floral bracts, Blakea attenboroughii bears some 
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FiGurE 1, Blakea attenboroughii Penneys. A. Habit. B. Outer floral bracts, abaxial surface (left), adaxial surface (right). 
C. Inner floral bracts, abaxial surface (above), 3/4 view (right), lateral view (below). D. Flower. E. Petal (abaxial). F. 
Hypanthium and calyx. G. Flower, longitudinal section. H. Stamens, dorsal view (above), ventral view (below). I. Stamen, 
lateral view. (Reproductive structures drawn from spirit-preserved material of type specimen, Jost, et al. 8545.) 
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resemblance to B. brasiliensis Cogniaux, which itself is very closely allied to B. standlevana 
Macbride. The latter two species, however, have furfuraceous pubescence, lavender petals, and 
yellow anthers. They also occur at lower elevations in the western Amazon and eastern slopes of 
the Andes, with B. standleyana growing up to 1100 meters. The Central American 7opobea 
mcphersonii Almeda has outer floral bracts remarkably similar to those of B. attenboroughii, but 
otherwise the two species diverge greatly, particulary in that the anthers of 7. mcphersonii are only 
3—5 x 1 mm, yellow, and linear-oblong. 


ETYMOLOGY 
This species is named in honor of the great natural historian, Sir David Attenborough, whose 
fundraising efforts permitted the land where it was discovered to be purchased. 
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Nebria praedicta, new species, is described from the highest elevations of the Trinity 
Alps of northern California (type locality = U.S.A., California, Trinity County, north 
by northwest slope of Thompson Peak in upper Grizzly Lake Basin). Based on col- 
lection records, this species is endemic to the region and now probably restricted to 
northern slopes of this single high massif, where it has been found only at and below 
the toe of a catastrophically receding glacier. This species is most closely related to 
Nebria vandykei of the Cascade Range in Washington and Oregon, based on charac- 
ters of external and male and female genitalic form and structure and on prelimi- 
nary DNA sequence comparisons. Its existence was predicted from the Cascade- 
Trinity Alps vicariant distribution of the species pair, Nebria paradisi Van Dyke and 
Nebria turmaduodecima Kavanaugh, which occupy the same habitats in the respec- 
tive regions, and the widespread co-occurrence of \V. paradisi with N. vandykei. Char- 
acteristics are provided for distinguishing N. praedicta adults from those of closely 
related species; and the imminent threat to the survival of the species from climatic 
change is discussed. 


Keyworps: Coleoptera, Carabidae, Nebriini, Nebria, California, Trinity Alps, catastroph- 
ic glacial recession, climate change 


In 1981, Nebria turmaduodecima Kavanaugh was described from upper Caribou Basin in the 
Trinity Alps of northwestern California, where adults were found at the margins of a persistent 
snowfield at an elevation of 2380 m (Kavanaugh 1981). This species, endemic to the Trinity Alps, 
is most closely related to Nebria paradisi Darlington (1930, 1931) (Kavanaugh 1985), which is 
restricted to the Cascade Range, from northern Washington south to Mt. Hood in northern Oregon. 
Members of NV. paradisi live in the same habitat as N. trmaduodecima members; and wherever 
they occur in that habitat, they are found with members of another species, Nebria vandykei Ban- 
ninger (1928). Because of this widespread habitat association of N. paradisi with N. vandykei, the 
senior author (DHK) expected that, eventually, either N. vandvkei itself or a closely related species 
would be found in the Trinity Alps associated with N. turmaduodecima. The most likely place to 
find this predicted species was high on the northern slopes of Thompson Peak, the highest peak in 
the Trinity Alps, at or near the glaciers and persistent snowfields on that slope. When the junior 
author (SDS) visited Grizzly Lake Basin, on the northern slope of Thompson Peak, on 13 Septem- 
ber 2008, he looked for and found very large, black Nebria adults among the smaller, faintly metal- 
lic green adults of N. turmaduodecima. 
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Our subsequent study of external and genitalia morphology and preliminary DNA sequence 
data for these specimens has convinced us that they indeed represent a new and distinct species. 
The purpose of this paper is to describe this new species and distinguish its members from those 
of the two Nebria vandykei taxa, which are currently ranked as subspecies but may, in fact, repre- 
sent distinct species—namely, Nebria vandvkei vandvkei Banninger, from the Olympic Mountains 
and the Cascade Range of Washington, and Nebria vandykei wyeast Kavanaugh (1979), from vol- 
canoes of the Cascade Range in northern to central Oregon. We also discuss our concern for the 
future survival of this species in the face of the current climatic warming trend. 


MATERIALS AND METHODS 


This report is based on study of the 23 specimens from the Trinity Alps, described here as rep- 
resenting a new species, and additional specimens representing all previously described Nearctic 
Nebria species. All but two of the specimens in the type series were collected directly into 95% 
ethanol to preserve them suitably for DNA sequencing and analysis. Institutional codons cited in 
the text: 


CAS — California Academy of Sciences, San Francisco, California, USA 
EMEC — Essig Museum of Entomology, University of California, Berkeley, California, USA 


Methods used in the present study, including dissection techniques and criteria for ranking taxa 
as distinct species, were as described in Kavanaugh (1979). The only measurement used is stan- 
dardized body length (SBL), which equals the sum of the lengths of the head (measured from apex 
of clypeus to a point on midline at level of posterior margin of compound eye), pronotum (mea- 
sured from apical margin to basal margin along midline), and elytra (measured along midline from 
apex of scutellum to apex of the longer elytron). Following dissection, preparations of female gen- 
italic structures were stained with Chlorosol Black E and digitally photographed using an Auto- 
montage imaging system by Syncroscopy with a Leica M420 dissecting microscope. Digital pho- 
tographs of dorsal habitus, pronotum, and male and female genitalia were also taken with the auto- 
montage system. 


DESCRIPTION 


Nebria praedicta Kavanaugh and Schoville, sp. nov. 
Figures 1-2, 5, 8-9, 11, 13, 16. 


TyPES.— Holotype, a pinned male, deposited in CAS, labeled: “CASENT1039942”/ “U.S.A., Califor- 
nia, Trinity County, Trinity Alps, NNW slope of Thompson Peak below glacier in upper Grizzly Lake Basin, 
N41.00458°/W 123.04799° to N41.00301°/ W123.04807°, 2411-2470 m, 13 September 2008, S. D. Schoville 
collector”/ “IMAGE” [pale blue label]/ “HOLOTYPE Nebria praedicta Kavanaugh & Schoville n. sp. desig- 
nated. by D.H. Kavanaugh & S. D. Schoville 2009” [red label]/"California Academy of Sciences Type No. 
18447”. A total of 22 paratypes (10 males and 12 females) are deposited in CAS and EMEC, each with same 
locality label as holotype, but labeled: “PARATYPE Nebria praedicta Kavanaugh & Schoville n. sp. desig- 
nated. by D.H. Kavanaugh & S.D. Schoville 2009” [yellow label]. 

TYPE LOCALITY.— North by northwest slope of Thompson Peak in upper Grizzly Lake Basin, 
41.00458°N,123.04799°W to 41.00301°N, 123.04807°W, Trinity County, California, U.S.A. 

ETYMOLOGY.— The specific epithet, praedicta, is the perfect participle of the Latin verb, 
praedico (meaning, to predict), used as an adjective in the nominative singular, in reference to the 
predicted occurrence of a member of the vandvkei species-subgroup in the Trinity Alps. 
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DiaGnosis.— Adults of this species can 
be distinguished from those of all other Nearc- 
tic Nebria species by the following combina- 
tion of character states: both males and females 
with SBL greater than 12.0 mm; body (Fig. 1) 
and appendages black or piceous, vertex with 
pair of paramedial pale spots; dorsal body sur- 
face without metallic reflection; elytral 
microsculpture comprised of moderately 
deeply impressed isodiametric meshes; anten- 
nal scape (Fig. 2) symmetrical or slightly 
swollen sub-basally, straight, medium-length; 
pronotum (Fig. 5) with basal sinuation of later- 
al margins distinct, moderately deep and long, 
midlateral and basolateral setae present; elytral 
silhouette distinctly and symmetrically ovoid, 
elytra markedly flattened (especially at lateral 
declivity), intervals only moderately convex, 
striae moderately punctate; female genitalia 
with lateral lobe of basal apodeme of sternite 
VIII (Fig. 9) extremely short, bursa copulatrix 
(Fig. 11) without sclerites, spermathecal duct 
straight or slightly arcuate and deflected mod- 
erately right of midline proximally and irregu- 
larly convoluted distally; specimen from Trini- 
ty Alps of northwestern California. 

Comparisons. Members of this species are 
most similar, in external and genitalia morphol- FiGuRE 1. Digital image of holotype, Nebria praedicta 
ogy, to those of both subspecies of Nebria jew species; habitus, dorsal aspect; scale line = 1.0 mm. 
vandykei Banninger, with which they share 
large size, dark, non-metallic body and appendage color, markedly ovoid elytra, distinctly catenate 
elytral intervals 3, 5, and 7, virtually identical male genitalia, and female genitalia without sclerites 
on the bursa copulatrix. Nebria praedicta adults differ with those of both N. vandvkei subspecies 
in the following traits: antennae very long (with the scape extended laterally at 90° to the longitu- 
dinal body axis, the distal two antennomeres extend posteriorly beyond elytral mid-length) (at most 
only the distal-most [eleventh] antennomere extends beyond elytral mid-length in members of 
either N. vandykei subspecies), the antennal scape nearly straight, medium-length, and slightly 
swollen sub-basally or symmetrical (Fig. 2) (slightly arcuate and narrowed basally in both 
N. vandykei subspecies, medium-length in N. v. vandvkei (Fig. 3) and more elongate in N. v. wyeast 
(Fig. 4)): pronotum (Fig. 5) with basal sinuation of the lateral margin long and moderately deep 
(shallower and shorter in both N. vandyvkei subspecies (Figs. 6 and 7)), anterior margination more 
nearly complete medially and distinctly divided into two parallel beads by a finely impressed sec- 
ondary transverse sulcus paramedially (Fig. 5) (anterior margination restricted to lateral thirds and 
without or with only a faint median sulcus dividing the margination into parallel beads (Fig. 6 or 
7) in N. vandykei subspecies); elytral silhouette (Fig. 1) symmetrically ovoid (very slightly narrow- 
er basally than apically in the NV. vandvkei subspecies), elytra markedly flattened, especially at the 
lateral declivity (most noticeably just anterior to the subhumeral sinuation) (slightly more convex 


76 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, No. 7 


Ficures 2-4. Digital images of right antennal scape, dor- Figures 5—7, Digital images of pronotum, dorsal aspect: 
sal aspect; scale line = 0.5 mm. Fig. 2. Nebria praedicta new scale line = 1.0 mm; white arrow = secondary transverse sul- 
species. Fig. 3. Nebria vandykei vandykei Banninger. Fig. 4. cus within anterior margination. Fig. 5. Nebria praedicta 
Nebria vandvkei wyeast Kavanaugh. new species, Fig. 6. Nebria vandykei vandykei Banninger. 

Fig. 7. Nebria vandykei wveast Kavanaugh. 


overall and especially at the lateral declivity in both NV. vandykei subspecies), elytral striae moder- 
ately punctate (only slightly punctate in NV. vandvkei subspecies), elytral intervals only moderately 
convex (markedly in N. vandvkei subspecies); lateral lobe of the basal apodeme of abdominal ster- 
nite VIII in females (Fig. 9) extremely short (longer and more similar in length to the medial lobe 
in N. vandykei subspecies (Fig. 10)); spermathecal duct of females (Fig. 11) with a longer, 
straighter, and more distinctly deflected right proximal section (proximal section shorter, more 
arcuate than straight, and less distinctly deflected right in NV. vandykei subspecies (Fig. 12)). Addi- 
tionally, the following trends separate many or most adults of N. praedicta from those of 
N. vandykei subspecies: the smallest males and females of N. praedicta are larger (13.0 mm and 
13.4 mm, respectively) than the smallest males and females of the N. vandykei subspecies (12.0 
mm and 12.6 mm, respectively): NV. praedicta adults have fewer catenations on elytral intervals 3 
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(two to six catenations), 5 (zero to six catena- 
tions), and 9 (11 to 16 catenations in the umbil- 
icate series) than adults of N. vandykei sub- 
species (with four to seven, three to seven, and 
14 to 19 catenations on intervals 3, 5, and 9, 
respectively). In addition, N. praedicta is a 
species apparently restricted to the highest ele- 
vations of the Trinity Alps in northwestern Cal- 
ifornia, whereas the N. vandykei subspecies 
occur only in the Cascade Range of Oregon 
(NV.  wyeast) and the Cascade Range and 
Olympic Mountains of Washington (N. v. van- 
dykei) (Fig. 13). 

DESCRIPTION.— Body size large for 
Nebria, SBL males 13.0-14.2 mm, SBL 
females 13.4—14.8 mm; head black or piceous, 
with pair of paramedial pale spots present on 
vertex; pronotum, elytra, and legs black or 
piceous; dorsum and venter without metallic 
reflection; frons and vertex smooth or nearly 
so; microsculpture with sculpticells regularly 
isodiametric, flat, faintly impressed on frons, FIGURE 8. Digital image of male median lobe of aedea- 
moderately impressed on pronotum and elytra. gus, Nebria praedicta new species; A = left lateral aspect; B 

Head.— Size and width relative to prono- = ventral aspect; scale line = 0.5 mm. 
tum greater than average for genus, slightly 
greater in females than males; genae and occiput moderately inflated, slightly more inflated in 
females than males. Eyes slightly reduced in diameter, moderately convex. Antennae moderately 
elongate; scape (Fig. 2) medium-length, slightly arcuate, slightly swollen anterobasally, with one 
anterodorsal seta subapically; pedicel with one ventral seta subapically; flagellar antennomeres 
moderately elongate, slender. Labrum with apical margin slightly to moderately bisinuate. Clypeus 
with apical margin truncate or slightly concave and slightly emarginate. Mentum with pair of M2 
setae (setal nomenclature as in Kavanaugh 1979) long and slightly to moderately far removed from 
basal margin. Submentum with three or four pairs of lateral setae (five setae unilaterally in a few 
individuals) and one pair of medial setae (absent or with two setae unilaterally in a few individu- 
als). 

Pronotum.— Size and width relative to elytra average for genus; shape (Fig. 5) moderately 
cordate and slightly convex, basal margin distinctly narrower than apical margin; lateral margins 
moderately arcuate, with basal sinuation long and moderately deep; lateral explanation present 
throughout pronotal length, moderately broad at middle and basally and slightly broader apically; 
basal margin markedly bisinuate; apical angles moderately long, slightly narrow, and moderately 
rounded; basal angles slightly obtuse, projected posteriorly, distinctly dentate apicoposteriorly; lat- 
eral margination (“lateral bead”) present throughout, widened apically, slightly narrowed and more 
faintly impressed at middle; anterior margination complete or incomplete only near midline, mod- 
erately to markedly impressed, divided into two thin beads paramedially by a finer secondary trans- 
verse sulcus, anterior transverse impression narrow and moderately deep; posterior transverse 
impression narrow and deep; basal foveae deep, moderately broad, and moderately divergent basal- 
ly; midlateral and basolateral setae present. 
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Ficures 9-12, Digital images of female genitalia and reproductive system. Figs. 9-10. Sternite VIII, ventral aspect; Ilba 
= lateral lobe of basal apodeme; scale line = 0.5 mm. Fig. 9. Nebria praedicta new species. Fig. 10, Nebria vandykei wveast 
Kavanaugh. Figs. 11-12. Female reproductive system, dorsal aspect; be = bursa copulatrix; co = common oviduct; sd = 
spermathecal duct; sp = spermathecal reservoir; scale line = 0.5 mm. Fig. 11. Nebria praedicta new species. Fig. 12. Nebria 
vandvkei vandykei Banninger. 


Thoracic venter.— Prosternal intercoxal process moderately lanceolate, smooth with margina- 
tion intercoxal process present laterally only, from base to slightly posterior to coxa. Mesosternum 
smooth. Mesepisternum faintly punctulate. Metasternum smooth throughout, moderately short- 
ened: margination of anterior intercoxal process absent or only vaguely impressed medially. 
Metepisternum smooth. 

Elytra.— Slightly shorter in relation to length of forebody than average for genus, slightly 
longer in most females than in males, moderately wide and markedly flattened; elytral silhouette 
(Fig. 1) symmetrically ovoid; basal marginations slightly shortened, straight or slightly concave; 
humeri markedly rounded, humeral carina distinct and sharp but not projected, humeral teeth 
absent; subhumeral sinuation shallow: elytral apices moderately divergent from midline, apices 
obliquely angulate medially and rounded apically; elytral striae markedly deep, moderately punc- 
tate; intervals slightly to moderately convex and smooth, intervals 3, 5 , 7, and 9 markedly cate- 
nate, interval 3 with two to six setiferous catenations (only three or four in most individuals), inter- 
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val 5 with zero to six setiferous catenations 
(one to three in most individuals), interval 7 
with three to seven setiferous catenations (three 
to five in most individuals), and interval 9 with 
11 to 16 setiferous catenations; basal setiferous 
pore absent. 

Hind wings.— Short and narrow, stigma 
reduced. 

Legs.— Markedly long; hind coxae with 
two or three setae basally (four unilaterally in a 
few individuals) and one seta apically. Hind 
trochanter kidney-shaped, medium length, 
truncate or broadly rounded apically. Middle 
tibiae with dorsal sulcus present in middle 
third, with moderately dense setal brush present 
dorsosubapically. Tarsi without pubescence 
dorsally; protarsi of males with basal three tar- 
someres broadened and with pads of adhesive 
setae ventrally; hind tarsi with ventroapical 
margin of tarsomere 4 slightly to moderately 
lobed laterally. 

Abdomen,— Sternite I] (first visible stern- 
ite) smooth; sternite II] without setae; sternites 
IV to VI with three to seven pairs of posterior 
paramedial setae and two to eight pairs of par- 
alateral setae (present on sternite IV in all spec- 
imens examined, absent from sternites V and 
VI in a few specimens examined); sternum VII 
of males with two posterior paramedial 
(“anal”) setae (some individuals with one or 
three setae unilaterally), of females with two or 
three pairs of setae (some individuals with four 
setae unilaterally). 

Male genitalia— Median lobe of aedea- 
gus (Fig. 8) with mid-shaft slightly thickened, 
moderately narrowed basally, with its axis bent 
to a slightly acute (< 90 degrees) angle (in lat- 
eral aspect), moderately compressed (in cross- 
section), right face of mid-shaft unmodified; 
preapical-shaft markedly broad and moderately 
tapered apically, ventral margin slightly 
deflected ventrally (in lateral aspect), broad, 
moderately tapered, and moderately deflected 
right (in dorsal aspect); apical orifice markedly 
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FIGURE 13. Map of the west coast of North America, 
from southern British Columbia to northern California (Cal- 
ifornia Albers projection), showing the known geographical 
distributions of Nebria praedicta new species (black dots). 
Nebria vandykei vandykei Banninger (red dots), and Nebria 
vandvkei wyeast Kavanaugh (blue dots); scale lines = 100 
km. 


deflected right; apical lamella connected slightly right of center on preapical shaft, moderately 
deflected right, and with bluntly pointed apex (in ventral aspect), plane of lamellar face markedly 
twisted left (in apical aspect), lamellar apex moderate in length and broadly blunt, with axis slight- 
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ly deflected ventrally (in lateral aspect). Parameres asymmetrical, with right much longer than left; 
left paramere short, broad, slightly narrowed basally; right paramere slender, moderately long, with 
right medial parametric sclerite present, distinct. 

Female genitalia Hemisternites of segment VHI (Fig. 9) with a fringe of short and medi- 
um-length setae medially on the apical margin, otherwise glabrous; basal apodemes wide, marked- 
ly emarginate, with lateral lobes much shorter than medial lobes. Ovipositor with gonocoxite I and 
gonocoxite II fused medially, moderately broadly separate laterally; gonocoxite | not or only faint- 
ly sclerotized ventrally apicomedially to basolaterally, fully sclerotized medially, with a diagonal 
(basolateral to apicomedial) row of four to six medium-length setiform setae ventrally: gonocoxite 
II slightly shortened and of moderate width, bluntly rounded apically and moderately bent ventro- 
laterally (in lateral aspect), with three or four short or medium-length setiform mediodorsal setae 
in a longitudinal row; both gonocoxites with moderately dense vestiture on medial surface. Bursa 
copulatrix (Fig. 11) with longitudinal axis moderately sigmoid (in lateral aspect); spermathecal 
chamber medium-length, broadly cordate and symmetrical (in dorsal aspect), without accessory 
lobes or sclerites; spermathecal reservoir arcuate, simple, medium-length; spermathecal duct medi- 
um-length, moderately thick, straight, and moderately deflected right proximally, irregularly con- 
voluted distally, inserted at posterior end of spermathecal chamber at base of vertical (posterior) 
face of chamber in midline. 

SEXUAL DIMORPHISM.— The smallest NV. praedicta males are slightly smaller than the small- 
est females and the largest females are slightly larger than the largest males, but the sexes overlap 
broadly in overall body length. The basal three tarsomeres of the male protarsi are broad and have 
dense pads of adhesive setae ventrally. These tarsomeres are slender and without such setal pads in 
females. In most males, abdominal sternite VII has two pair of posterior paramedial setae (one or 
three setae unilaterally in a few individuals); in females, either two or three pairs of posterior para- 
medial setae are present (four setae unilaterally in a few individuals). 

GEOGRAPHICAL DISTRIBUTION.— This species is known only from the type locality in upper 
Grizzly Lake Basin, at 2410 to 2470 m elevation, on the north by northwest slope of Thompson 
Peak in the Trinity Alps of the Klamath Mountains System, Trinity County, California (Fig. 13). 
The north-facing slopes of Thompson Peak are probably the only sites in the Trinity Alps where 
this species occurs, and it is most likely endemic to this area. 

HABITAT DISTRIBUTION.— The specimens that form the type series of NV. praedicta were col- 
lected in an area of smooth, sloped, unvegetated granitic bedrock, with abundant loose rockfall 
scattered on the bedrock surface, below the lower edge of the glacier in the head of Grizzly Lake 
Basin (Fig. 14). In daytime, beetles were found hiding under stones around seeps and glacial melt- 
water flowing over the bedrock (Fig. 15). Beetles were found in the same habitat at night, active- 
ly foraging along the water edges (Fig. 16). One individual was observed emerging from under- 
neath the glacier’s lower edge, and another was seen walking in the water against the current up a 
15° slope, the latter behavior previously observed among Nebria species only for Nebria ingens 
Horn (Kavanaugh 1971). Numerous specimens of Nebria turmaduodecima were also found, both 
day and night, in the same habitat, together with N. praedicta specimens. Viewed from the bedrock 
periphery of the glacier, no Nebria were observed on the glacial ice at night, although numerous 
staphylinid beetles were seen foraging on horizontal and vertical surfaces along the glacial mar- 
gins. A visual survey on the glacier itself was not conducted because of dangerous ice conditions 
(see Discussion below). 

PHYLOGENETIC RELATIONSHIPS.— Based on characters of external morphology and form and 
structure of both male and female genitalia, NV. praedicta is most closely related to Nebria vandykei 
Banninger, members of which share the following synapomorphies: large body size, dark, non- 
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Ficures 14-15. Fig. 14. View of the NNE face of Thompson Peak, taken from the N shore of Grizzly Lake, type local- 
ity for Nebria praedicta, sp. nov. The small, remnant glacier is clearly visible at the base of the face at the upper edge of 
the basin. Fig. 15. View of lower edge of the glacier in upper Grizzly Lake Basin, 2490 m elevation, showing granitic 
bedrock, loose rockfall cover, and meltwater seep areas where Nebria praedicta adults are found. 
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FiGurE 16. Photograph of a Nebria praedicta adult male ae rari at night over seni bedrock sale a small 
meltwater trickle, 


metallic body and appendage color, markedly ovoid elytra, and distinctly catenate elytral intervals 
3, 5,/and: 7. 

Results from a preliminary analysis of DNA sequence data also support a close relationship 
between N. praedicta and N. vandykei, with N. praedicta recognized as a distinct species. We 
amplified approximately 1690 base pairs of mitochondrial DNA spanning part of cytochrome oxi- 
dase subunit I, all of tRNA Leucine, and part of cytochrome oxidase subunit II (positions 
1709-3400 in Drosophila yvakuba). A combination of universal primers (C1-J1709 with C1-N2353 
& C1-J2183 with C2-J3400) was used to amplify two overlapping regions under standard PCR 
conditions, and an additional internal primer (C1-N2776) was used in DNA sequencing (Simon et 
al. 1994 and 2006). We calculated the number of uncorrected pairwise differences between multi- 
ple individual sequences of N. v. vandykei (2 individuals from Mt. Rainier), NV. v. wveast (5 indi- 
viduals from Middle Sister Peak), and N. praedicta (15 individuals from the type locality). The 
average pairwise differences between these taxa are as shown in Table 1. The program MRBAYES 
v3.1.2 (Ronquist, Huelsenbeck, 2003) was used to estimate a Bayesian phylogeny to assess the 
monophyly of each species. Samples of Nebria ingens, as well as N. sierrae and N. meanyi lamar- 
ckensis from the Sierra Nevada Mountains were used as outgroup taxa. All specimens included in 
the analysis were shown to be monophyletic genetically for their respective populations. 

GEOGRAPHICAL RELATIONS WITH MOST CLOSELY RELATED SPECIES.— The known geographi- 
cal range of N. praedicta is allopatric with respect to those of N. v. vandykei and N. v. wyeast (Fig. 
13). Nebria v. vandykei is confined to the Olympic Mountains of westcentral Washington and the 
Cascade Range from Mount Baker in the north to Mount St. Helens in the south, at elevations 
between 1190 and 2040 m. The known range of N. v. wveast is confined to the Cascade Range in 
Oregon, from Mount Hood south to the Three Sisters, at elevations from 1680 to 2190 m. The clos- 
est known localities for NV. praedicta and N. vandvkei are separated by 356 kilometers linear dis- 
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TABLE |. Percent uncorrected pairwise difference of 1639 base pairs of cytochrome oxidase sub- 
unit I, tRNA-Leucine, and cytochrome oxidase subunit II. 


N. v. vandykei N. v. wyeast N. praedicta 
N. v. vandykei T= 0.24% 1.46% 
N. v. wveast 0.24% == 1.37% 
N. praedicta 1.46% 1.37% => 


tance and an intervening area of relatively low elevation (including areas below 1000 m elevation) 
and unsuitable habitat. 

The only other areas in northwestern or northcentral California with similar elevation and 
habitat to that found high in the Trinity Alps are the north slope of Mount Eddy (on the border of 
Trinity and Siskiyou Counties) and Mount Shasta (Siskiyou County), 62 and 83 km NE of Thomp- 
son Peak, respectively. Although slightly higher than Thompson Peak, Mount Eddy is more inland, 
hotter and drier, and with very porous substrate; so it is likely too warm and dry for survival of 
N. praedicta. Mount Shasta, like Mount Eddy, is more inland and has very porous volcanic sub- 
strate; but it is much taller and bears several glaciers and many large perennial snowfields, partic- 
ularly high on its northern slope, which may afford suitable habitat for this species (see above). 
Collecting on the southern and eastern slopes (to 3500 m) and in the summit areas of Mount Shas- 
ta by one of us (DHK) and numerous amateur collectors over many years has failed to discover 
specimens of this species or of N. vandykei, which might also (but less likely) occur there. 

DiscussiON.— We are delighted to have discovered this elegant new species and pleased to be 
able to describe it. However, we have serious concerns about the prospects for its continued sur- 
vival. As reported by Stone (2008), the large snowfield found at the type locality for N. tur- 
maduodecima in upper Caribou Basin (at 2400 meters) on 12 August 1980 (when the type series 
was collected) had disappeared completely by the same date in 2007; and no individuals of that 
species were found at that site on the latter date. We are pleased to record that this species is still 
extant in upper Grizzly Lake Basin at elevations above 2400 meters. At the time that the type series 
of N. praedicta was collected, on 13 September 2008, glacial ice was calving audibly and visibly 
in large chunks (pieces two to three meters across) along the lower edge of the glacier in upper 
Grizzly Basin, with a seeping outflow from the melting ice along the entire edge. Based on the 
extent of collapsed ice within a four-meter margin of the glacier’s edge, it was clear that the gla- 
cler was retreating rapidly. With no more than an estimated 30 meters of ice remaining between the 
glacier’s lower and upper edges, it’s difficult to imagine this ice mass, the largest in the Trinity 
Alps, persisting under current warming trends. 

Without doubt, Nebria praedicta depends on persistent snow and ice to provide a microclimate 
cool enough through the warm months of the year for its members to survive. The glacier in upper 
Grizzly Basin and the even smaller glaciers or snowfields in adjacent cirques on the north side of 
Thompson Peak probably represent the only sites where N. praedicta survives today in the Trinity 
Alps and, as far as is known at present, anywhere. The disappearance of these temperature moder- 
ating bodies, which is virtually certain to occur with the current climatic warming trend, would be 
catastrophic for this species, as well as for N. turmaduodecima, and likely lead to their quick 
extinction. 
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In Memoriam: Hugh Bosdin Leech (1910-1990) 


Paul H. Arnaud, Jr. and David H. Kavanaugh 
California Academy of Sciences, 55 Music Concourse Drive, Golden Gate Park, San Francisco, 
California 94118, USA; Email: parnaud@calacademy.org, dkavanaugh@calacademy.org 


Hugh Bosdin Leech (Fig. 1), 
Curator Emeritus, California 
Academy of Sciences, an author- 
ity on Coleoptera and particular- 
ly aquatic beetles, and Curator of 
Coleoptera at the California 
Academy of Sciences from 1947 
until his retirement in 1975, died 
on 8 November 1990, at San 
Rafael, California, from compli- 
cations attributed to pneumonia 
and Alzheimer’s disease. In addi- 
tion to his expertise on Cole- 
optera, he was a curator par 
excellence and was exceedingly 
helpful to both students and 
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; FiGURE 1. Photograph of Hugh Bosdin Leech (right) and Edwin C, Van 
established re-searchers. He con- Dyke (left) examining dried insect specimens on cellucotton layers prior to 
tributed nearly 350 articles and — sorting and preparation (taken at the California Academy of Sciences ca. 
notes in the field of Entomology. 1950). N1877 California Academy of Sciences Archives, Special Collections, 
By the time of his death, in 1990, 52” Francisco, CA. 

85 insects and related arthropods had been named in his honor by his peers and correspondents. 

Hugh B. Leech was born at Kamloops, British Columbia, Canada, on 10 May 1910. His father 
had emigrated to Canada from Manchester, England, where Hugh’s grandfather, Sir Bosdin T. 
Leech, who served as mayor of Manchester, had been knighted by Queen Victoria in recognition 
of his influence in the building of the Manchester Ship Canal. Hugh received his early education 
in Lakefield, Ontario, at the Lakefield Preparatory School, and in British Columbia at the Vernon 
Preparatory School in Vernon, and the Salmon Arm High School in Salmon Arm. He earned his 
B.Se. degree from the University of British Columbia, Vancouver, in 1933, and his M.Sc. degree 
from the University of California, Berkeley, in 1938. At Berkeley he was associated with Profes- 
sor E.O. Essig; and it was there that he first met Dr. Edward S. Ross. 

Hugh’s interest in insects and natural history began at an early age on his father’s farm at 
Salmon Arm. He was encouraged by his parents — by what Leech once published as his father’s 
keen interest in “birds and plants, and [his father] had a remarkably broad yet detailed knowledge 
of the families and habits of insects” and to his mother “with her love of flowers, books, and the 
beauty of the countryside.” (H.B. Leech, pers. comm.) During his high school years, Hugh was 
introduced to Ralph Hopping at the Forest Entomology Laboratory in Vernon, British Columbia: 
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and under Hopping’s guidance, his interest in and knowledge of beetles grew rapidly. Ralph Hop- 
ping had been lured from his position with the United States Forest Service, leaving California in 
1919 to serve as Forest Entomologist, Dominion Department of Agriculture, at Vernon, where he 
was free to publish original observations. He had not been allowed to published under his own 
name in the United States. Nearly all of the 36 articles that he published appeared after 1920. Hop- 
ping retired in 1939, died on October 29, 1941, and it was his wish that his collection, the major 
portion of which was amased prior to his move to Canada, would be donated to the California 
Academy of Sciences. The collection, consisting of 97,197 specimens housed in 411 boxes, was 
transferred to the Academy in May, 1948 by Hugh and Dr. Edward S. Ross, who succeeded in pack- 
ing it all into one Academy suburban. A representative collection of British Columbia material nat- 
urally remained in Canada. 

Hugh’s knowledge of Coleoptera and other insects was such that, from 1930 to 1947, when- 

ever he was not attending the university, he was employed at the Forest Entomology Laboratory in 
Vernon. Hugh became well known to Bay Area entomologists through his matriculation at the Uni- 
versity of California, Berkeley in 1937 and 1938. His wife of 55 years, Frances recalls how the two 
years at Berkeley were lean years “where a little bit of money had to go a long way.” (pers. comm.) 
Their first son, Robin, was born in Berkeley while Hugh was completing his Master of Science 
Degree. 
Following the 24 World War, in 1947, with the expansion of the staff of the Entomology 
Department of the California Academy of Sciences, Hugh was selected as a new Assistant Curator 
to join the existing staff of Drs. Ross and Edward L. Kessel. The department did not have either a 
secretary or technical assistants at this time. Hugh was placed in charge of the largest section of the 
collection — the beetles (Coleoptera) — probably over a million specimens. On a visit to the 
Academy in 1947, one of us (PHA) can recall how Dr. Edwin C. Van Dyke (1869-1952), then 
Curator Emeritus, was pleased to announce that Hugh B. Leech would be arriving soon as a new 
Curator to the Department. Dr. Van Dyke, a medical doctor and former Professor of Entomology 
at the University of California, Berkeley, had given his collection of nearly a quarter of a million 
specimens to the Academy; and his collegue, Dr. Frank E. Blaisdell (1862-1946), former head of 
the Stanford University Cooper Medical School, had likewise presented his collection of 200,000 
beetles to the Academy. As indicated by the avocational interests of these two MDs, at the turn of 
the century there were relatively few positions in the field in Entomology, so that it was often med- 
ical doctors and other professionals that were active in the discipline. 

As a matter of fact, in addition to the million Coleoptera, Hugh curated other portions of the 
Academy collection as well, including the Hymenoptera. He also served as Acting Chairman dur- 
ing the many long absences of Dr. Edward S. Ross in his world travels. As was the departmental 
policy for some staff at the time, Hugh did the writing for his research and publications at home. 
As his son has written, “He reserved his ‘Academy Time,’ as he called it, for correspondence, curat- 
ing and visitors” (Leech 1991:95). Much of his field work was done on family vacations and on 
weekends. Exceptions included a trip to mainland Mexico in 1948 with Dr. Ross, a particularly pro- 
ductive trip to Arizona in 1952 with J. Wagener Green, a Belvedere Scientific Expedition to Baja 
California in the winter of 1958-1959 by land with Dr. Alan E. Leviton (see Fig. 2), and a trip to 
northern Baja California with one of the authors (PHA) in 1963. 

Hugh had a favorite work table adjacent to his desk cubicle at which he would sit with visitors 
to the department. He would accomplish some of the necessary curation, such as the pinning of out- 
going or incoming loans, while still involved in conversation. During his career he helped hundreds 
of students and research workers. As Kavanaugh and Arnaud have published (1981) “He ts order- 
ly and precise, tough-minded, independent, but with a keen sense of humor which permits him to 
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keep details in prespective. He is 
also a superb correspondent, 
adept at handling the kinds of 
exchange that characterize the 
curator’s role as interface 
between collection resources 
(both specimens and informa- 
tion) and the users of those 
resources. A trusting person, 
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loaning specimens when _ other FIGURE 2. Photograph of Hugh Bosdin Leech (standing in doorway) and 
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ter careers in entomology at right) supervising. N19796A California Academy of Sciences Library, Spe- 

through his continued encour- cial Collections, San Francisco, CA 

agement to colleagues, both young and old.” He was rightly called a ‘“Curator’s Curator.” 

Following their retirements Hugh and Frances moved inland from their home in the foggy Sea- 
cliff area of San Francisco into a newly built log house on 44 acres of land on Howell Mountain, 
just east of Angwin, in Napa County, California. From this new home they had a beautiful view 
overlooking the tranquil Pope Valley. It was here that Hugh could develop his gardens with hand 
tools and hours of his labor. He could collect insects in the vicinity of his home and continue the 
rearing of insects inhabiting dead wood which led to a wealth of precise information on insect/host 
plant associations and interspecific interactions. Hugh could also continue his life-time interest in 
stamps - he was one of the leading authorities on pre-Communist Chinese stamps, and was an 
active member of San Francisco’s China Clipper Stamp Society (serving as its President). Regret- 
tably the distance of his home on Howell Mountain in Napa County from the Academy precluded 
frequent visits to this institution during his retirement. 

On the occasion of his seventieth birthday Hugh was honored with a special issue of The Pan- 
Pacific Entomologist (volume 57, number |, pages 1-320, 1981). A total of 24 papers was present- 
ed in that issue, 23 of which dealt the taxonomy, biology, and/or distribution of aquatic Coleoptera, 
the field of Hugh’s principal research interest. Included were the descriptions of three new genera 
and five new species named in Hugh’s honor. The 24th paper (Kavanaugh and Arnaud 1981) was 
a biography, which described Hugh’s career and included lists of his publications, taxa that he 
described, and taxa named in his honor. Because Hugh’s last paper was published in 1978, the lists 
of his publications and described taxa provided in 1981 remain complete. However, an additional 
|7 new species and three new genera named in his honor are listed here in Appendix A. 

Hugh was survived at the time of his death by his wife Frances Orchid Quail Leech, of Nova- 
to, California, three sons — Dr. Robin E. Leech, of Edmonton, Canada, William H. Leech of Santa 
Ana, California, Thomas S. Leech of Novato, California - one daughter - Mary Kathleen (Leech) 
Huffaker from near Alpine, California — and by six grandchildren, living in both Alberta and Cal- 
ifornia, and two great-grand children. 
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APPENDIX A. ADDITIONAL TAXA NAMED IN HONoR OF HUGH B. LEECH? 


CLASS INSECTA 


Order Epheroptera 
Family Baetidae 
Baetis leechi Day, 1954 (California) 


Order Coleoptera 
Family Chrysomelidae 
Proctophana leechi Moldenke, 1981 (Brazil) 
Family Curculionidae 
Pseudothysanoes leechi Wood, 1980 (California) 
Family Dermestidae 
Dermestes leechi Kalik, 1952 (India) 
Family Dytiscidae 
Desmopachria leechi Young, 1981 (Florida) 
Hughbosdineus Spangler new genus, 1981 
Hughbosdineus leechi Spangler, 1981 (Venezuela) 
Hydroporus leechi Gordon, 1981 (California) 
Oreodytes leechi Zimmerman, 1985 (Alaska) 
Family Elmidae 
Huleechius Brown new genus, 1981 
NXenelmis leechi Perkins and Steiner, 1981 (Peru) 
Family Eubriidae 
Ectopria leechi Brigham, 1981 (Illinois) 
Family Hydraenidae 
Hughleechia Perkins new genus, 1981 
Hughleechia giulianii Perkins, 1981 (Australia) 
Hydraena leechi Perkins, 1981 (Arizona) 
Limnebius leechi Perkins, 1980 (California) 
Ochthebius leechi Perkins and Wood, 1978 (California) 
Family Hydrophilidae 
Hydrochara leechi Smetana, 1980 (New Mexico) 
Laccobius leechi Cheary, 1971 (California) 


Order Diptera 
Family Anthomyiidae 
Delia leechi Griffiths, 1993 (California) 


2 Taxa not included in Kavanaugh and Arnaud (1981, Appendix C) 
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Georgius Agricola, De Animantibus Subterraneis, 1549 and 1556: 
A Translation of a Renaissance Essay in 
Zoology and Natural History 
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Email: maldrich@smith.edu: aleviton@calacademy.org: 2 Department of Classics, 
Cornell University, Ithaca, New York 14853: Email: Ils67@cornell.edu 


Georgius Agricola (1494-1555) is well known for his geological publications, especial- 
ly his masterpiece, De Re Metallica (1556), over 500 pages of text illustrated with 
more than 250 beautiful and instructive woodcuts. Historians of medicines also have 
studied him for his work on disease. But in 1549, he published a short treatise on ani- 
mals known to exist in the subsurface. This essay is a compendium of what Greek, 
Latin, and medieval authorities wrote about these animals, but, unlike many of his 
contemporaries, Agricola supplemented those writings with his own observations, 
and he posed questions about the existence of some of the fanciful beasts described 
by his forbearers. Of special interest to paleontologists and zoologists is an “index” 
at the end where Agricola groups animals by their form of locomotion—walking, 
crawling, swimming, flying, burrowing—as well as the occasional use of binomens, 
following in the footsteps of several contemporary herbalists. De Animnantibus Sub- 
ferraneis appeared again as an appendix to De Re Metallica, an updated reprint of 
the 1549 work set in a folio format. Curiously, when Lou Henry Hoover and Herbert 
Hoover published their masterful annotated English translation of De Re Metallica 
in 1912, they did not include the essay on animals. Consequently, it is not well known 
to English-speaking scholars, although it was cited by some of Agricola’s contempo- 
raries, including Conrad Gessner. Then why has Agricola been ignored? Agricola’s 
De Re Metallica was copiously illustrated, as were the works of Gessner and Ulisse 
Aldrovandi. Thus, even those not fluent in Latin could, with some effort, understand 
these authors’ intentions by reference to the pictures. But not so with Agricola’s De 
Animatibus Subterraneis, which was not illustrated. However, neglecting De Animan- 
tibus Subterraneis makes Agricola too much of a specialist, whereas as a Renaissance 
scholar his interests spanned many disciplines. To increase the awareness of Agrico- 
la's essay on subterranean animals among English-speaking zoologists and histori- 
ans of science, we offer a functional translation of the 1556 version of his work, 
which represents his final contribution to the field of biology. 


In 1912, Lou Henry Hoover and Herbert Clark Hoover published an annotated translation of 
Georgius Agricola’s De Re Metallica (1556), a masterpiece on Renaissance mining. They includ- 
ed facsimiles of the approximately one hundred woodcuts, making a very attractive volume of 
which 3,000 copies were printed (a Dover reprint of their edition appeared in 1950, further increas- 
ing the knowledge and availability of Agricola’s work). 


3 Research Associate, Department of Herpetology and Center for the History and Philosophy of Science, and Consult- 
ing Editor, Scientific Publications, California Academy of Sciences. 


89 


9() PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, No.9 


The Hoovers did not include all GE ORGIL & GRICOL AEF 


of the 1556 book, however. The 
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original, as its last chapter, also con- bus Officia, Inftrumenta, Machine, acomnia denicg ad Metalliz 


tained De Animantibus Subterraneis cam fpectantia, non modo luculentiffime defcribuntur, fed & per 
(hereafter DAS), a revised edition effigies, {uis locis infertas , adiunctis i ee 
lationibus ita ob oculos ponuntur, ut clarius tradinon pollint, 


of Agricola’s essay on underground 


animals that first appeared in 1549 

aug Separate treatise. LIAS wasalen DE ANIMANTIBVS SVBTERRANE!S Liber,ab Autoreres 
See SRE ESSA RSLS: et ee cognitus:cum Indicibus diuerfis, quicquid in opere tratatum eft, 
not included in the 1557 translation pulchré demontftrantibus, 


of De Re Metallica from Latin to 
German, but in the modern German 
compilation and translation of all of 
Agricola’s publications, the editors 
prepared a German translation for 
the first time (1961) to our knowl- 
edge. In the following pages, Lind- 
say Sears, a graduate student in 
Classics at Cornell University, pres- 
ents the first translation of DAS into 
English. Although she had the Ger- 
man translation available to her, she 
translated directly from a photocopy 
of the 1556 Latin version that is in 
the Rare Book Room of the United 
States Library of Congress. 

The English text that appears 
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below belongs to the functional tra- BASILEAE M> D> LVI> 
dition of translation; it is designed 
to be of use to today’s zoologists Cum Priuilegio Imperatorisinannos y. 


. : : & Galliarum Regis ad Sexennium. 
and historians of science. We are 8 


well aware of the limitations of this Figure 1. Title page of Agricola, De Re Metallica (1556), with the ref- 
style, as outlined by translation the- — erence to the DAS chapter shaded (by the authors for refernce). 

orists such as Andre LeFevere 

(1992) and Maria Tymoezko (1999). In preparing for a modern readership, one must be on guard 
not to alter the text to make Agricola into a 21%! century, or even an 18" century, zoologist. Also, in 
following the rules of modern English, we have changed Agricola’s language in ways that do not 
reflect Renaissance style, for example, by eliminating the double negatives that were considered a 
hallmark of elegant writing in his day. Having said this, we did do some light editing, such as sub- 
stituting “that” for “which,” in line with present-day rules of English grammar, and selecting of 
several more appropriate English synonyms for such Latin terms as Af, meaning but, yet, on the 
contrary, at least, and contra, meaning against, opposite to, on the contrary, otherwise, on the other 
hand, this to render the text more readable. We include a facsimile of the 1556 text for those who 
prefer the original Latin. 


GEORGIUS AGRICOLA: A BIOGRAPHICAL SKETCH 


Georgius Agricola Latinzed his name as an adult; he was born as Georg Bauer or Pawer in 
Glauchau, Germany on 24 March 1494. His father was a master cloth maker; one of Agricola’s 
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brothers continued in that trade and another 
became a priest. Details of his early schooling 
are not definitively known but he attended 
Latin schools in the region before enrolling at 
the University of Leipzig, 1514—1518. In those 
years, the most intense new scholarship at 
Leipzig centered on Greek and Hebrew; Agri- 
cola learned Greek and as a schoolmaster in 
Zwickau (1518-1522), started instruction in 
the language there and published his first work, 
a Latin grammar. When Lutheran reformers 
made life for the Catholic schoolmaster uncom- 
fortable, Agricola returned briefly to Leipzig to 
start training as a physician and then departed 
for Italy (1523-1526), where he studied medi- 
cine and also worked with an international 
group of scholars translating and editing works 
by Galen and Hippocrates. In 1526, he set up as a physician and apothecary in the silver mining 
town of Joachimstahl, Czechoslovakia. There he began his life’s work on recovering ancient 
knowledge of science and technology as applied to the underground, mostly to mining but also to 
the topic at hand, subterranean animals. (Hannaway 1992.) 

In 1530, Agricola published Bermannus, a dialogue among two physicians and a mining expert 
discussing mining methods and the ailments of miners and how to treat them. The book brought 
ancient texts in Greek and Latin to bear on the problem, merging that knowledge with modern 
experience. Thanks in part to a letter of endorsement by Erasmus, whom Agricola had met years 
earlier, it was published in Basel by a printer with an international distribution. Shortly thereafter, 
Agricola moved to the mining city of Chemitz as town physician. He successfully invested in min- 
ing partnerships, building the wealth that supported his life as a scholar. He continued to publish 
books that merged ancient and contemporary knowledge of mining, mineralogy, and paleontology, 
culminating in his masterpiece, De Re Metallica (1556), a book that included the revised version 
of DAS. During the 1540s and 1550s, he also became involved in civic and political life on the 
municipal, regional, and national level. This included his heroic work as a physician during the 
plague epidemic in Saxony in 1552—1553, memorialized in his one medical book, De Peste (1554). 
He died in Chemitz on November 21, 1555. (Dibner 1958; Wolsdorf 1970.) 


FIGURE 2. Woodcut image of Georgius Agricola. 


DAS IN THE CONTEXT OF ITS DAY 


DAS is Agricola’s compendium of ancient (Greek and Latin, plus a few medieval compilers) 
knowledge about animals that live underground for at least part of their lives. He had spent a life 
time immersing himself in ancient texts, but brought a critical view and his own observations to 
bear on what he learned from them. 

Agricola’s essay differed from two earlier traditions of writing about animals. Medieval bes- 
tiaries were manuscripts, not printed books, and thus limited to local readership. They were a form 
of allegorical Christian literature in which the stories about animals illustrated moral lessons and 
the handiwork of God. Bestiaries were often beautifully illustrated with carefully executed hand- 
painted drawings in full color. On the other hand, there are no pictures in DAS, even though De Re 
Metallica was richly endowed with images of mining. DAS also differed from medieval encyclo- 
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TABLE 1. Agricola’s List of Authorities? for De Animantibus Subterraneis' 


Claudius Aelianus, 175-235, Roman rhetorician 

Albertus Magnus, 1206-1280, German theologian 
Alexander Aphrodisianus, fl. 190-220, Greek philosopher 
Ammonius, 435-517, Greek philosopher 

5 Aratus, 315—206 BC, Greek poet 

Aristotle, 384-322 BC, Greek philosopher 

Aristophanes, 446-386 BC, Greek dramatist 

Athenaeus, fl. 190-210, Greek grammarian 

5 John Cassianus, 360-435, Roman theologian 

Flavius Charisius, fl. 4°" century AD, Latin grammarian 
Cicero, 106-43 BC, Roman statesman and orator 

Lucius Columella, 4-70, Roman agricultural writer 
Cornelius Tacitus, 56-117, Roman historian 

Pedanius Dioscorides, 40-90, Greek physician and botanist in Rome 
Galen, 129-200, Roman physician 

Homer, 8" c. BC Greek poet(s) 

Horace, 65—8 BC, Roman poet 

Jornandes, 6 c. Roman historian 

Lucanus [Lucan], 39-65, Roman poet 

Martialis, ca. 40-105, Roman poet 

Nicander, 2"4 ¢, BC, Greek physician 

Oppianus, 2.4/3 ¢, AD, Greek poet on fishing and hunting 
Ovid, 43 BC-17 AD, Roman poet 

Plautus, 254—184 BC, Roman playwright 

Pliny the Elder, 23~79, Roman naturalist 

Michael Psellos, 1017(or 18)-(after) 1078, Byzantine writer 
Seneca, 4 BC-65 AD, Roman humanist 

> Servius, fl. 420 AD, Latin grammarian 

Strabo, 63 BC-—24 AD, Greek geographer 

Theophrastus, 370-285 BC, Greek philosopher 

Marcus Varro, 116-27 BC, Roman historian 

Virgil, 70-19 BC, Roman poet 
Xenophon, 431-355 BC, Greek historian 


4 Names have been modernized and Anglicized to permit searching. Dates are from Web sources and may not be reliable; 
AD is assumed unless otherwise mentioned, > Listed in 1556 edition but not in 1549 

pedias, which were reference works that were usually alphabetically arranged without attempts at 
classification schemes. 

His respect for ancient texts led Agricola into some problems in DAS. For one, he reported 
uncritically on some fables about animals, such as foxes that fish with their tails (Fig. 3). This leg- 
end can be traced back at least to Claudius Aelianus (Gudger 1955), who is one of his sources. Sec- 
ond, his text is dotted with fabulous animals — dragons, basilisks, footless birds — that were also 
common in other 16‘ century zoological works, such as those by Conrad Gesner [also as Gessner] 
and Ulysses Aldrovandi (Fig. 4). Mystical beasts were not eliminated from zoological writings 
until those books came to include only animals that had been observed by the naturalist. (Nigg 
1999.) 

Sometimes Agricola reports on beasts in such a way that the reader senses he is paraphrasing 
sources but not necessarily endorsing the idea. Consider, for example, his discussion of devils that 
live underground, a notion he attributes to theologians without further comment. (A good Catholic, 
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Agricola wrote this essay and his 
other books in such a way as to 
receive the Church’s imprimatur, 
an aid to their acceptance that did 
not always come to Aldrovandi 
[Gould 2003]). In other cases, 
throughout the essay, he supple- 
ments with his own observations, 
even contradicting what his fore- 
bearers had said (e.g., Lucanus, 
p. 497, para. 1; Nicander, p. 496, 
para. 4; Pliny, p. 496, para. 4; 
Theophrastus, p. 501, para. 6). 
As Owen Hannaway (1992) said 
of all of Agricola’s writing, he FiGURE 3. From Olaus Magnus (1555), a fox fishing with its tail (after 
combined humanistic, literary Gudger 1953), 

scholarship with — scientific, 
observational study. 

Agricola categorized under- 
ground animals into those who 
stay in the earth during the day or 
night, those that live under- 
ground, or at least under cover, 
such as in hollows in trees, dur- 
ing part of the year to avoid heat 
or cold, and those that are under 
the surface all of the time. There 
was some overlap among these 
categories. He then arranges the 
animals into loosely connected FiGurt 4. Draco alatus (from Aldrovandi, 1640, ex Greuini, 1571). 
groups, such as weasels, owls, 
and fish. Humans are discussed as animals through the book. In describing individual animals, 
Agricola remarks on their behavior — feeding, prey/predator relationships, hibernation, migration, 
habitat choices and changes, and some observations on reproduction — but not for all his cases. In 
dealing with morphology, he notes shape, size, and color, but adds little about physiology or inter- 
nal organs. He does not list all features for cach beast; this was not a reference work, but an essay. 
DAS approaches a modern natural history, but it is more discursive and in that sense closer to the 
storytelling tradition of the medieval bestiary. With its focus on one environment, the underground, 
and attention to the actions among animals, DAS has the feel of an ecological approach. Agricola 
wrote in a lively style, drawing good word pictures of animals and enjoying puns on their names. 

In his other publications, Agricola had included classification schemes for natural materials 
such as minerals and ores. As for zoology, histories of classification tend to go from Aristotle to 
Linnaeus nonstop, with the important exception of Hunemorder (1983). That makes it hard to posi- 
tion DAS, which is not primarily a work of taxonomy in the first place. However, the way Agrico- 
la indexed animals in the back of DAS provides clues as to how he classified them (see below). 
One such list was of Latin names with their German counterparts alongside. As Hammaway (1992) 
remarked, this was a common feature in most of Agricola’s books and provided a way for the read- 
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Draco alatus Apes ex Greuino, 
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er to go from the ancient to the contemporary, from 
words and language to things and observation, from 
humanities to science. 

Another index grouped animals by locomotion, 
those that walked, flew, swam, or crawled. Two other 
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groups, worms and dragons, were listed separately. GERMAN, sinttgodyfinartofesyptnin den Mpoteten tat 
Aristotle had tried a scheme based 7 * 
ristotle had tried a scheme based on motion anc LATIN Eberas lL 
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bats, which flew but were otherwise akin to mice and 
other rodents. And, although Agricola carefully 
details how much more closely bats resemble mam- 
mals, i.e., “mice,” than birds, he lists them among the 
“flying” animals in his Index and groups them with 
birds on page 485. It was not until the 17" century that 
the assignment of bats to mammals was settled by 
John Willoughby. 

Agricola’s lists demonstrate a casual and partial Figure 5. Images of amphibians and reptiles 
use of binomial and trinomial names (e.g., Mus alpi- (from Gesner, 1560). 
nus, Mus araneus, Mus agrestis, Mustela domestica, Mustela sylvestris, Rana rubeta, Rana tempo- 
raria, and others (see below)). Binomialism was gradually introduced well before the 18" century. 
Philosophers of science do not agree on whether Aristotle conceived of what are now termed genus 
and species (Pellegrin 1982). Isidore, for instance, employed some binomens in the 7" century, and 
by the 16" century (Hunemorder 1983), they were as common in Gesner and Aldrovandi as in Agri- 
cola. Nevertheless, the most important breakthrough occurred with Linnaeus, who applied the con- 
cept of genus and species not here and there but systematically throughout the entire plant and ani- 
mal community. 

DAS’s influence on subsequent zoology was modest. Because he wrote of underground ani- 
mals, he emphasized groups that had been relatively neglected in earlier works. George and Yapp 
(1991) document the scant attention given these animals in medieval bestiaries. Gesner and 
Aldrovandi both referred to Agricola’s essay in their major compendia. Linnaeus did not cite Agri- 
cola, but he did cite the other two. DAS did not attract wide attention in part because, unlike the 
other Renaissance zoologies, for instance, Gesner, Greuini, and Aldrovandi, it was not illustrated. 
This contrasts sharply to the widespread recognition afforded De Re Metallica, with its numerous 
beautiful and instructive woodcuts. Historians of science will appreciate DAS for the new dimen- 
sion it gives to Agricola. When added back to De Re Metallica, the treatise changes Agricola from 
a geologist to an earth scientist — a scholar who studied the animals as well as physical structure 
of the earth. 
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Editors’ note: In using page breaks (numbers in [xxx]), it must be borne in mind that the breaks may not 
exactly coincide with the original Latin text because of the translation and reordering of words. Thus, 
several words of Latin text may, in fact, appear on the following page and not precisely where the break 
is indicated. However, this should not be a problem inasmuch as the “spill over” never exceeds a half 
dozen words. Also, it must be noted that paragraph breaks are based on “best estimates” to enhance read- 
ibility; there are relatively few clear-cut paragraph breaks in Agricola’s De Animantibus Subterraneis. 
Lastly, we have included in brackets and boldfaced [xxxxx] cross-references to Agricola’s Index for ani- 
mal names; in several instances, we have added a present-day common or vernacular name in brackets. 
The latter are identified by “eds.” appended to the addition. Also in brackets, but not boldfaced, are com- 
ments indicating our uncertainty as to what animal Agricola had in mind because we have been unable to 
trace the identity. Furthermore, Agricola often used colons, not semicolons (which did not come into use 
until 1644) or periods, where in modern English, one or the other would be more appropriate. In this trans- 
lation, we have retained Agricola’s colons in places where semicolons would be more appropriate but for 
readability have introduced periods to end a sentence. 


De Animantibus Subterraneis 


Translation of G. Agricola, De Animantibus Subterraneis (1556 edition) 
by Lindsay L. Sears, July-August 2007 


Letter of Dedication 
Georgius Agricola sends greetings to Georgius Fabricius 


[478] Although Aristotle wrote two books on plants, nevertheless these did not deter his stu- 
dent Theophrastus from explaining his own thoughts concerning these same plants in many books. 
And Theophrastus himself did not extinguish the zeal and ardor for Dioscorides by means of such 
great knowledge and such great abundance, but in service to posterity, he entrusted the features and 
powers of certain trees and plants, learned by long and extensive practice, to the pages of literature. 
For his studies would have held him poorly, if it had been permitted for people living in later ages 
to add nothing to those things that had been discovered by the ancestors. Certainly if the Greeks 
had accepted this unfair rule, no skill, no knowledge, and no discipline could have been carried out. 
For this reason, although Aristotle put forth many books, in which he pursued the natures, parts, 
and origins of animals by way of reason, nevertheless he was unwilling to take away those things 
already dedicated to philosophy, nor should he have, not only out of the zeal for seeking knowl- 
edge and revealing to later generations the natures of these animals, about which he wrote little or 
nothing, but also a zeal for discussing places, which he had not explained enough in these books. 

And in this way, even among the Greeks, Oppianus wrote about fish, and Porphyrius and 
Aelianus wrote about the nature of animals. Likewise among the Romans, Ovid wrote about fish, 
and Pliny wrote about almost all of the animals. | am following in the footsteps of these writers, 
since | have explained in many books those subterranean things that lack life, so that I might sum 
up the established reasoning, as much as it can be done, and I have also described the subterranean 
animals: not only those which live in the earth almost all the time, but also those that are accus- 
tomed to hide in the earth during certain seasons of the year. Moreover, in the same way, I wished 
to explain more extensively both the forms of certain animals either unknown to Aristotle and oth- 
ers or explained very little, and the place where these animals hide themselves during the winter 
months. If | show this book to you who are learned in the early literature of the Greeks and 
Romans, you will examine carefully the natures of animals and you have already grasped the 
knowledge of many of them, and I will show this more easily, as I hope, to others who especially 
enjoy the study of secret matters. Farewell from Chemnitz, written on the Ides of August in the year 
1548. 
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De Animantibus Subterraneis 


[479] A subterranean body, as the name itself demonstrates, is classified into the animate and 
inanimate. Moreover, what is void of life is subdivided into that which spontaneously erupts from 
the earth under its own power, and that which is dug out of the earth. I have spoken about the for- 
mer inanimate class in four books written about the nature of those things which flow from the 
earth: I have spoken about the latter in ten books written about the nature of fossils [which in the 
classic sense included minerals and their extraction from the earth, 1.e., mining]. 

Now I will speak about subterranean creatures. Because the entire class of animate beings is 
actually based on four elements, and inasmuch as wet and dry material, i.e. water and earth, are 
available to be used, it is necessary that these two elements themselves be the physical basis of ani- 
mate matter. From this fact, it follows, moreover, by a certain necessity of nature, that every ani- 
mal is born either in the water or on land, dwells in both places and enjoys life. For instance, fly- 
ing creatures, if they fly everywhere through the air, nevertheless construct nests on land, either in 
plants growing from the earth, or on buildings situated above it, and either the earth or the water 
supplies them with food. For instance, so that they might be named correctly, certain rare birds 
which are not very big, which have long wings, and which are distinguished by their somewhat pale 
yellow coloring, the sultan of Turkey wears on the highest part of his crown which is adorned with 
many precious gems, so that they live out the course of their lives perpetually in the air. He accom- 
modates the female, which lays her eggs upon the curved back of the male, similarly the eggs, 
placed there, lie on her curved stomach, and she prevents the chicks, not yet alive, from touching 
the earth with feet, which are very small and hidden among their plumage. Nevertheless, they do 
not seem to be able to be nourished only in the air, nor are they able to develop fully, but they enjoy 
these things. 

And truly even beasties [insects], which are named by the Greeks purigonoi [those generated 
by fire], because they are born in that terrestrial fire, lack neither earth nor water. Moreover, they 
are born, as Aristotle writes, in the very furnaces of Cyprus, in which copper ore is smelted for 
many days: and they are winged and a little larger than the great gadflies. In the fire, they wander 
and jump about, but they die as soon as they are separated from it. 

Some of the animals, on the contrary, even if they are accustomed to hide, do not come up 
through cracks in the earth, nor through holes, nor caves: these are not among the number of sub- 
terranean creatures: some are active by night or during the day in subterranean caverns, some at a 
certain time of the year: both of these are considered subterranean animals on that very day or at 
that time of the year that they are under the earth’s surface, and they can be referred to as such. 
Some generally hide in the earth in perpetual secrecy: these are subterranean and are always so, 
and are appropriately called “subterranean animals.” 

But in order that the matter might become clearer and better explained, I will begin a little 
higher. Since by nature all animals are aware of the change of the seasons, the majority, for the sake 
of avoiding cold or heat, either change their region or specific location, or they enter their respec- 
tive dwellings — trees that are either hollow or carved out — or they descend into the earth. More- 
over, of those which change their region [migrate], some, having left, never even return once, oth- 
ers return habitually: they are accustomed never to return as sharers of the property: humankind 
belong to this group. And as a matter of fact these establish their residence elsewhere not only for 
the sake of avoiding cold or heat, [480] but they also move away from those regions which are poor 
and produce nothing to lands which are better and fertile, or if such a great number of people are 
born that the region cannot comfortably provide enough nourishment, some go elsewhere to live. 

Certainly in this way, one area or part of the earth often lays aside the burden by which it is 
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being crushed [over-population migration] onto another region. For these reasons, Scandia, the 
greatest of all the peninsulas, once sent out a great abundance of Goths together with their wives 
and children into Sarmatia and Dacia. To be sure, the floods of the sea drove out the Cymbri and 
the Teutoni from the farthest shores of Northern Gaul, where they had emigrated to from Germany. 
The inhabitants from Aenaria, whom Hiero, the tyrant of Syracuse, had sent there, were driven out 
by the same floods, as well as earthquakes, volcanic eruptions, and geysers of hot water. And gen- 
erally for these reasons the conquered peoples who emigrated from these places were driven out 
and flung from their own homes and property, and in turn, they themselves even invaded foreign 
territories and overtook them. Those subjugated and overpowered by war were either slaves to their 
conquerors, or they were so defeated that the victors occupy that very region with a general condi- 
tion of freedom. 

In a similar way, animals that are lacking reason, especially birds, never gather to return to 
lands that are foreign from those where they were born and became accustomed to live. This occurs 
only very rarely. In this way, six years ago, the locust plague, devastating to grass, legumes, grain, 
and woody plants, which they destroy, in a flock descended upon the city of Pannonia, in Dacia, 
upon the ancient region of the Marcomannian people, and upon Lygia, just as formerly they often 
descended from Africa on the other European countries. In fact, sometimes when a single man dis- 
appears in remote regions, and does not ever come back from there, in the same way, one single 
animal: in this way, nearly 20 years ago an animal was captured in Noricus that was covered in the 
shaggy hair of a dog: whose front feet, like on Ethiopian goblets, were similar to human hands and 
its back feet to human feet. And two animals were caught in the Slavic forests in the time of Alber- 
tus Magnus, one male and one female, whose front feet did indeed resemble human hands and 
whose back feet resembled human feet. Truly Albertus himself thought them to belong to the ape 
family. And Pliny recorded from recollection the Egyptian ibis, seen in the Alps by the Prefect Mar- 
cus Ignatius Calvinus. We also know that the Northusian eagle died in Thuringia, since it had 
grown old there. Even in this year, which is the 28" year of the rule of Charles the Fifth, a certain 
butcher from Dyncelspyhelensis, having subdued an eagle, killed it and brought it as a gift to the 
Senate. On the day before Epiphany, the eagle flew at the man seated on his horse near the town 
of Rotelis with so violent a force that he was in danger of losing his life. In the same way, it even 
seems true that some fish, when they leave the sea behind one time, enter into streams, which flow 
through remote regions, and never return to the same sea. 

Till now I have spoken about the kinds of animals that do not return to the region from which 
they have left. Now I will talk about those which are accustomed to return: these are also the same 
animals, and they generally move out of a region where they live for the same reason: most defi- 
nitely to avoid heat and cold. And indeed, in the summer they stay in cold places and in the winter 
in warm. As a matter of fact, humans who pay attention to their good health, so that they might pro- 
tect themselves from the heat, are in summer quarters [i.e., their airy villas in the countryside or on 
the coast], and in order to protect themselves from the cold, are in winter quarters: which was the 
custom among the first Romans. And even kings and rulers of many citizens went away into other 
lands in the summer, to others in the winter. For the kings of the Persians once spent the winter sea- 
son in Babylon, the spring in Sufi, and the summer in Ekbatana. In the same way, [481] flying ani- 
mals and aquatic animals change their region and withdraw. Of these animals, some are used to 
seeking cold in the summer and heat in the winter in those very regions and lands in which they 
are accustomed to spend their lives. Others do so in remote and far-off places. And generally they 
fly, swim, and walk in order to inhabit these places in which the weather is so temperate that it pro- 
duces or furnishes sustenance. The earth, when it grows numb with cold or it dries up from heat, 
withdraws from them the ability to produce food: water is not available to them when it has frozen. 
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In fact, certain birds generally abide in the woods during hot weather and in barns and out- 
buildings during wintry weather: for example, the magpie, the crow, and the sickly yellow bird 
which the Greeks call iktorou [ixtegog] [identity uncertain], the Latin-speakers call the galgulum 
[an oriole {or small bird} ]. Certain birds spend time in the woods during the summer, they migrate 
to neighboring sunny places in the winter, having sought out recesses in the mountains: for exam- 
ple, vultures, kites, starlings, thrushes, blackbirds, wood-pigeons, and hoopoes. Aquatic creatures 
as well as birds gather during the wintry seasons at lakes and rivers situated in southern regions, 
which do not freeze in the cold, or they gather in some part of the rivers that does not freeze up 
entirely: for example, herons, gulls, water cormorants, pelicans, coots, savage ducks, and teals. 
Some birds scatter as if from one end of the earth to the other: for example cranes. And indeed, as 
Aristotle explains, they set out from the plains of Scythia to the higher marshes in Egypt, from 
where the Nile flows forth. Swans, storks, and wild geese go even farther. However, a few birds 
remain in the woods during the winter, such as grouses and hazel-hens: very few of the many birds 
remain in the fields, but among the number of these are partridges. 

Likewise, some fish, in order to avoid the heat of the sun, during the summer go from the 
shores to deeper water, and on the other hand, so that they might be able to seek mild warmth, dur- 
ing the following season, they emerge from the deep water in which they had immersed themselves 
and return to the shore: for example, dolphins. Others move from one sea into another, such as 
tunny-fish, [which] during the winter season goes from the Black Sea to the Great Sea [Mediter- 
ranean], and likewise, in the spring from the Great Sea to the Black Sea. Others, in the same sea- 
son go to the rivers, such as salmon, tuna, and sturgeon. 

And these cannot be called subterranean animals: just as any others that do not enter into caves 
in the earth cannot be so called, even if they are concealed and lie hidden during the winter months 
for the sake of avoiding the cold, or during the summer for the sake of avoiding the heat. Such crea- 
tures include humans who primarily inhabit either cold or hot regions: for those who inhabit the 
former hide in their homes during the winter season, and those who inhabit the latter hide in their 
homes during hot weather. For indeed, among the quadrupeds, hedgehogs hide themselves in hol- 
low trees, in which they collected apples during autumn. Similarly, dormice and mice from the 
Black Sea, and certain snakes hide themselves in hollow trees, but they themselves go into crevices 
in the rock for the majority of the time, as I will explain later. 

Even certain roaches and wood-lice conceal themselves in the cracks of walls or hiding places 
in houses. Likewise ants are buried in ant-hills, in which piles they expend much of their work and 
labor during the spring and summer. In the same way, domestic bees enter their hives, wild bees 
enter either hollows of trees, holes in the earth, or into old walls. Likewise wild hornets enter 
crevices, Just as they enter certain nests in trees: wasps enter nests in trees or houses, which they 
constructed in the summer. Similarly, in the winter a few birds do not hide in hollow trees: for 
example, the cuckoo, the woodpecker, a raven whose head is stained with a red mark, and who is 
called by the Greeks purrokorax [a crow with a red beak] for this very reason, and the hoopoe. But 
swallows, as native as country peasants, withdraw to nearby places that have more mild climates. 
These birds, if they lack milder places, bury themselves in narrow, confined places in the moun- 
tains, in which starlings, wood-pigeons, turtle-doves, blackbirds, thrushes, crested larks, and 
hoopoes are also sometimes accustomed to hide. Similarly, they lie hidden either [482] in trees or 
in the mountains, and for this reason in the spring, they are accustomed to be visible without feath- 
ers. 

I have said a sufficient amount, and perhaps even more than the established subject requires, 
concerning those animals which do not enter either cracks or holes in the earth, or caves for the 
sake of avoiding cold or heat. Nevertheless these things which have been said adhere so closely in 
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nature with the things which follow, that once separated, they are scarcely able to be properly 
explained. Therefore, there are three classes of those animals about which | have undertaken, by 
the grace of the almighty, the labor of writing this work. For indeed, certain animals enter caves in 
the earth either at night or during the day, and they hide or sleep in these caves. But a good many 
animals and even all of them come out during the winter to find food. Some animals, at a certain 
time of the year, enter subterranean caves, and spend [hibernate] several months overwhelmed by 
deep sleep. Certain animals generally hide in the earth in perpetual secrecy. Among those in the 
first class are not only terrestrial animals, but also birds: however, | will pursue a discussion of the 
earthly creatures first. 

Among the number of creatures who descend into caves are, indeed, humans who, for this very 
reason, are called troglodites [from Troglodytae, a race of people centered around the Sudan and 
said to be cave-dwellers]. Some of these go into these caves for the sake of avoiding the heat, like 
the African and Syrian peoples who live near the Red Sea. Others go into caves for the sake of 
avoiding the cold, like those who inhabit the plateau in Asia behind Mt. Caucasus, which 1s situat- 
ed near the northern territories, and the Scythian peoples, and the wild men, who are hostile to 
sailors at night and live in the Scricfinnian region of Scandia. They drive the sailors away with 
flaming funeral pyres. And indeed, in the greater part of Armenia, as the illustrious author 
Xenophon writes, the homes are subterranean, of which the narrow doorways are in the form of 
wells, the portion below the earth is broad, the trench-like approaches are made by mules, and men 
descend into them by stairs. In fact, on the island of Tenedos, fisherman nowadays use caves in the 
cliff faces as homes, just as the robber, Cacus, once used a cave between the Aventine mountain 
and Salinas [a district of Rome]. He covered his fearful face and made it inaccessible to the rays of 
the sun: just as the Sibyl [a prophetic female] in that Cumaean grotto near Lake Avernum, as dis- 
tinguished for her work as a muse as she was respected for her predictions. And Circe, a woman 
famous for her spells, lived en spessi glaphuroisi [in hollow grottoes], as Homer tells. Indeed, 
among the Seduni [a Gallic tribe] in the region of Sittensis near the Bremisa district, the entire 
monastery was built from the edge of the cut-out cliff face with wooden beams and any tree trunks. 
In that place there is a temple, an inner shrine, a bedroom, a kitchen, and a wine cellar. Similarly, 
in the high mountains, subterranean citadels are in evidence: like that one in the Alps called 
Cavolum, to which neither cavalry nor footsoldiers are able to ascend, but when men ascend there 
they bring along to that place everything which is necessary for survival. Another is on a steep cliff 
in Sicily, not far off from Mt. Eryx, joined by a little bridge with Cape Drepanum, by which land 
it can be approached. A third is in Saxony between Blankenburg and Halberstadt. Yet another is in 
Thuringia between Weimar and Blankenhain, near the Mellingen plain: the ancient name of the 
place in Saxony is Reinestein, while the name of the one in Thuringia is Pufhard, and it is four 
miles from Weimar. Each of these is now deserted and empty of inhabitants: each has cut into the 
rock a hypocaustic underground heating system, chambers, steps, stables, stalls, doors, and win- 
dows. In fact, the place in Saxony even has a temple, which the inhabitants built above the watch- 
tower, which structure alone was built up to the horizon. This temple is in the form of a tortoise, 
and is marked with a round funerary monument in the middle, all the rest are square. The Saxon- 
ian mountain itself is steep on all sides, except the one by which it can be ascended. On the plateau 
of this mountain a lofty hill rises gradually, which looks at the plateau from that side, and is sur- 
rounded by a deep enough and broad enough ditch. From this hill that citadel was constructed with 
cut rock that is sandy and partly red. [483] The citadel has many large windows, and in fact, there 
are subterranean cellars at the foot of the mountain itself along with the horse stables. Each citadel 
has created a familiar riddle for the Saxons and the Toringi: 
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Tell in which lands a citadel is built on a high mountain, 
where a thousand sheep can wander through the building. 


Also, Hoenstein, which is a citadel in Mycenea, on the other side of Albis, has stables for the 
horses cut into the rock. And the Praenestian subterranean trenches are glorified in literature: Caius 
Marius was besieged in one of these, and he perished there. And moreover, it is evident from the 
writings of the comic poets that Greek women who made a living publicly as prostitutes lived in 
subterranean apartments: chamaitupeia [brothels] are named for these women. And the translator 
from Terentium thinks a gluttonous eating house is called apo gas [out of the earth], because it is 
in the earth. There were even such cellars in Rome, and indeed they were frequently within the Cir- 
cus Maximus, where it extended for the mock sea-battles into the villages of Subaranus, Summae- 
nianus, and Thuscus. In fact, in Rome, there were subterranean altars to Dis [Pluto] and a subter- 
ranean temple to Consi [an ancient Italian god]. And we gathered to dig out subterranean ditches 
for the ancient underworld gods and caverns for the nymphs. And, in fact, in certain maritime cities 
in Germany, just as in Prussian Danzig and in Saxon Lubec, a good portion of the population lives 
underground in movable sheds, above which magnificent homes were built, which are inhabited 
by the lords. 

In the same way rabbits, foxes, beavers, otters, badgers, and perhaps certain other creatures 
enter burrows [or dens] but they leave to find food even during the winter. And indeed the rabbit 
[Cuniculus] digs many holes and drives the earthly rabbits into the hills: from this behavior the 
rabbit gets its name. It comes out in the morning and in the evening, but it generally remains hid- 
den the rest of the time. Moreover, it covers some holes with dirt so that they can’t be found by 
predators. But the ferret and certain small dogs, whose noses are keen at investigating, [when] sent 
into the holes and against the rabbit, find it, and [hunters then] pour boiling liquid in on it: they 
force the rabbit, [which is] put to flight and driven out of its hole, into the snares, by which it is 
captured. Moreover, there is not [just] one single color in rabbits: in fact, a rabbit is either dark, like 
ashes, or in a certain measure similar to a hare, or it 1s spotted, for example: they are white, speck- 
led with either black or yellow spots. 

The fox [Vulpes], however, first and foremost clever at trickery, does not dig holes itself as 
much as it scizes those burrows hollowed out by other animals. And it drives off the badger from 
its stolen hole with its foul stench, because it stains its mouth with manure. It hunts hares, rabbits, 
mice, hens, birds, and little fish. In fact, it does everything craftily. As a matter of fact, it often 
seizes unprotected hares and rabbits, while pretending that it wants to play with them, just as cats 
do with mice, and it is accustomed to lie in ambush. At night, in secret, having entered the chick- 
en coop, It seizes hens and carries them away. It kills and devours birds which approach it while it 
deceitfully pretends to be dead. Lying on its back on the ground, it wards off the attack of an eagle 
with its feet until it can tear apart the captured bird. The tail, which for this animal nature made 
large and dense with shaggy hair, lowered down from the banks into a river, catches little fish 
swimming in that river. And when it pulls itself up a little bit from the bank, vibrating its tail vio- 
lently, it shakes off the captured fish onto the ground and devours them. Furthermore, it approach- 
es a wasp’s nest by walking toward it backwards, because it fears that it will be stung by them. And 
if it sends [sticks] its tail into the nest, it wards off the wasps. Soon, drawing out the tail, crowded 
with these very insects, the fox dashes it against a nearby rock, or tree, or house wall, or garden 
wall. In this way, with all of the wasps crushed and killed, it empties and destroys the nest. Like- 
wise, a dog, led this way and that by its own mouth, when it pursues its tail, is eluded by it. But the 
hedgehog [Erinaceus], which because [484] of fear rolls up in a ball, so that it is able to defend 
itself on all sides with its spines, is urinated upon by a fox, and in this way suffocates it. And 
indeed, on account of the urine flowing into its mouth, it has no power to draw breath. In fact, this 
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is the way of the fox, which is the size of an average dog. Moreover, it is often a red color, yet the 
coat is whiter in the forequarters. Rarely, it is pure white, even more rarely, pure black. 
Furthermore, the beaver [Fiber: Castor] and the otter [Lutra] come out of burrows in river 
banks, in which they hide themselves, and immerse themselves in rivers, and capture fish, on which 
they feed. But they also eat the fruit and the bark of trees. Moreover, the otter is named from wash- 
ing [the verb /vo means to wash]. And indeed, when it frequently bathes in the waters for the sake 
of catching fish, often it immerses itself entirely in the depths of the waters. And Varro thinks that 
this name [the otter] comes from the Greeks, and he thinks that the otter was therefore named for 
a ransom [/ytra], because it is said to cut down the branches of trees into the water, and to destroy 
them. Moreover, it can generally swim underwater and travel quickly for as great a distance as a 
taut bow is able to loose an arrow before rising up again into the air to draw breath. If it cannot 
breathe this air, just like other animals that walk on land, it suffocates. Its body is broader and 
longer than that of a cat, its feet short and its teeth sharp. It is different from the beaver with respect 
to its tail, its rear feet, and its hair. For the otter has a tail which is long and similar to that of the 
other quadrupeds: yet the beaver has a tail which is covered with fishy scales, exceedingly thick, 
about one palm wide, and %4 of a palm long. If it lies on a slope, it sends down its tail and hind feet 
into the river when it is not frozen from the cold. When it swims, it is accustomed to move its tail 
as if it were rowing. Moreover, all of the feet of an otter are similar to those of dogs: the front legs 
of a beaver are like those of a dog, and the rear are like those of a goose. For in fact, there are cer- 
tain membranes lying between the toes. In this way, the latter legs are more designed and suited for 


swimming and the former for walking, for it lives both in the water and on land. Also, the hair of 


the beaver is white mingled with gray and uneven in length, for everywhere there are hairs that are 
twice as long as the shorter hairs. But the dusky-colored coat of the otter deviates in only a small 
measure from that of a chestnut tree, and is short and uniform. And certainly the hair of each is 
shining and soft, hence they are accustomed to adorn the edges of garments made for nobles from 
their pelts with cut hairs of each of these animals. Although the coat of an otter is far better than 
that of a beaver, nevertheless, the coats of beavers differ a lot in color among themselves, for some 
more than others are made up less of black, some of red. And indeed, the more black ones are far 
better than the rest: they have less black on the middle of the body, and they are somewhat red on 
their lowest parts. 

The beaver, however, is first and foremost thoughtful and ingenious: for indeed, with the 
shrubs and small trees cut down with its teeth as if by a sword, it constructs certain small dwellings 
facing holes in river banks, and into these it constructs two or three steps, as if into certain vault- 
ed rooms, so that when the rising water of the river overflows the banks, it can ascend into its home, 
and it can climb out when the abating water remains level. And indeed, now when it generally cuts 
down a tree, as often as it makes a blow, it sits down looking at whether the tree is about to fall. 
For the beaver fears lest, if the tree should fall from that blow, the defenseless animal, unable to 
run away from the place before it fell, should be crushed by it. Certainly it is no less steadfast in 
its lifestyle than it is clever: for first it chooses which tree on the banks should be cut down, and it 
does not change its mind, even if it cannot cut it into pieces for a long space of time. This animal 
sends out a sound like that of an infant: moreover, we hunt it not only because of the tail, which 
we eat and the hide, which we wear, but also because of its testicles, which we use as medicine, 
preferably those belonging to beavers from the Black Sea, since they have the greatest potency. 
These testicles I say that they call castor [an aromatic secretion from the beaver that is used med- 
icinally]. For the Greeks call the beaver kasora [a beaver]. But the beaver was named by the author 
Varro from the outer right and left banks of a river, where it is generally accustomed to be seen, 
[485] for the ancients called the beaver an outsider. 
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But the badger [Meles] goes out of burrows and wanders in the woods no differently than the 
wolf, the wolverine, the wild boar, the deer, the antelope, the reindeer, the elk, the wide-horned 
stag, the roe-deer, the ibex, the mountain goat, the gazelle, and many others. In fact, the former ani- 
mals sleep in the woods, yet the latter sleep on lofty rocks and cliffs in the mountains. Moreover, 
the badger greedily eats honey, from which it gets this name. It is the size of a fox or an ordinary 
dog, but for the most part presents the appearance of a dog. For there are two classes of badger. 
One has toes like a dog, which they call canine: the other has cloven feet, like pigs, which there- 
fore they call pig-like. Moreover, the legs of all badgers are short, the back is broad, the skin is 
thick, and by stretching it out, puffed up in fear, | use the words of Pliny, they defend themselves 
against the blows of men and the bites of dogs, but nevertheless, if ever they fight with dogs, they 
bite viciously. They are covered in rough, shaggy hair, which ts either white or black, and the back 
especially has a large amount of black hair, while the rest of the body has white, with the excep- 
tion of the head, which by turns is decorated with stripes of black and white drawn from the high- 
est part of the head to the jaws. Moreover, badgers are not coarse, yet they are fat. Their fat, anoint- 
ed or poured on with garlic, calms the pains of the kidneys. From this animal, collars are made with 
their hides, which are called melia [collars] by Varro for this reason. 

Furthermore, kingfishers [Halycon] build nests on the banks of rivers and lakes: and it was 
unknown to Aristotle that they climb in streams, but they are not hidden in the winter. This bird is 
not much larger than a sparrow. Moreover, since the whole body of the marine kingfisher is distin- 
guished by mixed colors: blue, green and dark red, to such a degree that neither the neck nor the 
wings are lacking any of these and it has a long, thin, greenish beak: the chest of either the river- 
dwelling species or the bank-dwelling species is dark red, the neck and back are blue mixed with 
green, the wings are dusky-colored, and the beak, like the feet, is ash-colored. It eats fish and 
worms. 

Likewise, the ptarmigan [Lagopus] builds nests and sleeps in caves of the lofty Alps near the 
ice field, which is never totally melted by the heat of the summer sun, and is even extended in other 
seasons of the year by rainfall. It takes its name from its feet, which are covered with shaggy white 
fur, like a hare, as opposed to feathers. It is the size of a pigeon. Its color is white in the winter, and 
ashy mixed with white in the summer. It does not fly far off, but stays in the Alps. It does not sur- 
vive in captivity, and even less likely is it to be tamed. The flesh of this bird is good for a healthy 
palate, and health-giving for a sick one. 

But the birds, whose eyes are weak during the day, are keen and sharp by night: they are accus- 
tomed to hide during the day, to fly from their hiding places by night, and to come out to find food: 
these, therefore they call nocturnal. Of this sort are the bat [Vespertilio], the horned owl [Bubo], 
the screech owl [Ulula], the little owl [Noctua], and the night raven [Corvus nocturnus]. In fact, 
the latter hide not only in dark places of the mountains and in caves in the cliffs, but even in hol- 
low trees, in deserted buildings, and under the roofs of magnificent homes and temples and tow- 
ers, Which men rarely climb, Moreover, the bat hunts gnats and flies: it consumes ham, and other 
pig meat hung from the rafters. Other nocturnal birds pursue mice, swallows, birds, beetles, bees, 
wasps, and hornets. But the horned owl [Bubo], however, snatches young hares and rabbits. It 
seems to me that these greatest of all the nocturnal birds got its name from the sound, indeed the 
deep groan, which they emit. It has a huge head: the head is the size of a goose’s, yet it is short and 
blunt and varied in color. The beak is curved, the talons are hooked, and the eyes are massive. A 
screech owl [Ulula] is not much different than this bird, except smaller. Likewise it derives this 
name from its shrieking call. 

[486] Little owls [Noctua] are related to these two kinds, but they differ in their call. For 
indeed, they do not shriek, but they produce a sound which Aristophanes called kikkabau (a cry in 
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imitation of an owl’s call). There are four kinds of these owls. One, whose feathers stand out espe- 
cially over the ears, and which is the greatest of the four, is called the little horned owl. The sec- 
ond, with outstanding white plumage on its throat and stomach, is distinguished as well for its alter- 
nating white and yellow spots. The third is small, and for this reason, as follows, bird-catchers hunt 
these birds. The fourth is smaller than the third, which dwells in cliffs and rock faces. This one, just 
as the previous kind, is marked with alternating ash-colored and white spots. In contrast, the nyc- 
ticorax (night raven), which is a nocturnal raven, is black, like ravens of another class, but it is 
smaller and more common than those. 

But the bat [Vespertilio], which gets its name from its habit of flying out in the evening [ves- 
per], is to a certain extent similar to a mouse, hence the excellent Varro wrote: “I was made a bat, 
and I do not fit among mice or birds.” For it has wings and flies, so it does not fit among mice, but 
it gives birth to living offspring, not eggs, for which reason it does not fit in by nature with birds, 
and it nourishes its young with milk from its teats, while birds seek out food from all around, which 
they put into the mouths of their chicks. In addition, bats have teeth, which birds lack. Moreover, 
the bat has a similar head to a mouse or a dog: generally they have two ears, rarely four, and ser- 
rated teeth. Their bodies are covered with a coat of tawny hair, yet their snout is black, as well as 
their ears. Bats have two wings, which, like those of a dragon or a flying fish, are not known for 
their feathers, but for their membranes and are also black. On each side, in fact, the wing has a fin- 
ger, on which there is a talon. The bat has a broad tail, which is membrane-like in the same way as 
the wings, on which there are two feet, each of which has five toes armed with curved claws, with 
which it hangs from the walls and cracks of caverns. For indeed, it either hangs, or flies, or sleeps. 
Because, in fact, the feet do not come directly from the body, but from the tail, it is said that it only 
has one hip. It does not produce a sharp sound like a mouse, but it almost yips like a puppy. More- 
over, according to Pliny, it flies around grasping its two offspring and it carries them along with it. 
It lives for several days with its tail joined to its wings. In fact, in the same way, the Troglodytae 
[the cave-dwelling people], who live in Africa, during the day, especially at midday, hide in their 
caves. 

This is enough concerning creatures of the first class, which hide or sleep in caves in the earth 
either during the day or at night. I proceed to the animals of the second class, which, as I have said, 
enter into subterranean dens at a certain time of the year, and in these dens, pressed by heavy sleep 
they spend [hibernate for] several months without food, as if dead, and they hide continuously till 
the end of the season, when, awoken from the ground by the warmth of spring, they come to life 
again, and they remember food, which they had forgotten to consume for such a long time. 
Although I have already spoken about these animals, there are even some, as there are certain ani- 
mals of every class, in the number of the following creatures, as I will explain at this time. 

There are, for instance, some earthly creatures, or birds, or aquatic animals, whose lives are 
spent equally on earth and in the water: but at this time I will first explain the earthly creatures. 
Along these lines, many quadrupeds bury themselves in burrows during the season of winter or 
summer. And indeed, Alpine mice [Mus alpinus] enter burrows during the autumn, in which they 
are accustomed to sleep during the summer heat. For in these burrows, they build up nests from 
hay, straw, and twigs, in which, rolled up like hedgehogs, they hide themselves and sleep for the 
whole winter up till spring. In one cave there are often seven, or nine, or 11 or 13 mice. Indeed, 
they have marvelous skill and cleverness when they gather hay and scraps. In fact, one lies pros- 
trate on its back on the ground with all of its feet stiff, while on its body, as if on [487] a certain 
wagon, the rest pile those things which they gathered, and thus laden, with its tail seized upon by 
the others’ teeth, they drag it to their hole and in the same way they carry it in. It happens in this 
way, with the result that during this time of the year, they seem to have a raw back. And thus, after 
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they have made a nest in their burrow, they barricade and stop up the entrance itself and the mouth 
of the burrow with twigs and earth so that they might be able to be safe from the force of the winds, 
from the rain, and from the cold. Moreover, they sleep so soundly and heavily that having been dug 
out and removed from the burrow, they would not awaken before they grew warm from being 
exposed to the sun or placed near a fire. This mouse derives its name from the Alps, in which it is 
born. Its color is either dusky, ashy, or red. It is about the size of a hare but it has the appearance 
and shape of a mouse, for which [reason] it is called a mouse. But, however, it has ears that are 
stubby as if they were cut short: its front teeth are long and sharp: it has a long tail more than two 
palms [about 20 cm] long, and feet that are short and covered on top with shaggy hair. It has toes 
on its feet that are similar to those of a bear, and long claws, with which it digs deep in the ground. 
It is not accustomed to walk with its back feet alongside one another and turned backward and it 
sometimes walks on two feet. If food is given to this animal, it grasps it in its front paws, like a 
squirrel: indeed, just like a squirrel and an erect ape, it always sits on its haunches until it has con- 
sumed the food. It does not feed on fruit in this way, but spectfically bread, meat, fish, gravy and 
condiments. Truly it feeds most eagerly on milk, butter and cheese, and, when it consumes these, 
it emits a sound just like a piglet by sucking with its mouth. It sleeps a lot, but when it is awake, it 
is always getting something necessary for its bed: straw, hay, strips of linen, and sheer fabric. It fills 
its mouth so full with these things that it can take up nothing further: it seizes the rest with its paws 
and drags it. When provoked, the mouse blazes with anger and bites savagely. If ever the Alpine 
mice [Mus alpinus] play amongst themselves like puppies, they make a lot of noise. When they 
leave the cave, wandering over the mountain to find food, someone of the mice remains next to the 
entrance of the cave, and is able to keep watch as diligently and as distantly as possible. When this 
mouse sees a human or a herd of cattle or a wild animal, it makes noise without delay. At this 
sound, all of the mice from all around run together to the cave. Moreover, the call of these mice ts 
similar to the high-pitched shepherd’s pipe and hurts the ears. With this call, they indicate a change 
in the environment and that enemies are approaching. They have a very fatty back: the other parts 
of the body are leaner than it, yet it is not possible to say whether it is truly made up of more fat or 
meat. But as the meat in cows is in the udder [area], among these mice it is somewhere in the mid- 
dle. This is useful for women after childbirth and for those who are in labor: in fact, for these the 
fat of mice is beneficial. It is also a good remedy for insomnia. 

And similarly, dormice [Glis] hide during the winter not only in hollow trees, about which 
matter I have spoken previously, but also in holes in the earth. Indeed, Aristotle calls the dormouse 
eleion, and it is ash-colored as Albertus [Magnus] writes, with the exception of the stomach, which 
is white. The dormouse differs very little from the little creature which some Greeks called kamp- 
siouron |bent-tailed one] for this reason: because it turns and bends its tail up in the air. In fact, oth- 
ers called it skiouron [shadowy-tailed one] because its tail is covered and abounding with shaggy 
hairs, just as one is accustomed to cast a shadow over their body with a fan. Still others call it the 
mus Skiourou |shadow-tailed mouse] because it also bears a certain similarity to the appearance of 
a mouse. 

This is just like the case with the Fennican squirrel [sciurus Fennicus], which does not differ 
in its tail, nor its shape and features of its whole body, nor in its size, nor in its behavior, but only 
in its color from our squirrel, for it is ash-colored mixed with white, while our squirrels are either 
red or black. And yet in that part of Sarmatia, which today we call Polonia, the red color is found 
mixed with gray on squirrels. Furthermore, for both types of squirrels, [and] this applies as much 
to Fennican squirrels as to ours, the two last teeth are long: when each class of animal walks, it 
drags its tail behind it: when it eats, it takes up the food [488] in its front paws, which it uses, as 
mice do, in the place of hands. It stands on its hind feet and its haunches. In fact, it eats beech nuts, 
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chestnuts, Avellian nuts, apples, and similar fruit. In the winter, it eats the cones of fir, spruce, pine, 
and other trees. Every spring they give birth, and if anyone should put their hand into the nest, they 
transfer their young into another one, for they make several nests. The feeble babies of both kinds 
of squirrel eat meat, and because it is disturbing to them to taste a certain unpleasant flavor, they 
rarely eat sumptuous things. In addition, both kinds dwell in trees, yet they do not bury themselves 
during the winter. But when they hide like dormice during the winter, sleep takes the place of food 
and they grow fat during this time of the year. Therefore Martial wrote correctly concerning the 
dormouse: 

The whole winter is slept away by me, and | grow fatter at that 

time of the year, in which nothing but sleep nourishes me. 


Moreover, the meat of this animal is sweet. 

In fact, although dormice live in forests, so that Varro might not make these complaints with- 
out cause about the scarcity of these creatures in Fundanius, concerning these admirable creatures: 
“There is no dormouse in my forest, yet the ancestors had dormice.” Which sort they ought to be 
Varro described in the third book of De re rustica [On country life|. And today in certain forested 
locations, the inhabitants dig into the earth so that dormice might be able to live in burrows in it 
and whenever they wish to seize them, they can use them for food. In fact, among the Romans, Ful- 
vius Hirpinus created enclosures for dormice in large earthenware vessels, according to the writ- 
ings Pliny left behind. 

On the other hand, the Black Sea mouse [Mus ponticus], which today they call Hermela, hides 
alone during the winter in hollow trees, as I described before. It is entirely white like snow, except 
for the long tail, for half of it and especially the tip are jet black. This animal is the size of a squir- 
rel. It attacks mice and birds, which it eats. Its pelt is among the number of valuable things, just 
like that of the mouse which they call Lassician. It is white mixed with ash-color and it is not two 
inches wider than that mouse. 

But the gopher [Mus noricus], which they call the Citellus [ground squirrel], lives in caves in 
the earth. Its body, just like that of the native weasel, is long and thin, its tail exceedingly short: the 
color of its hair, like the hair of certain rabbits, is like ash, but even darker. Just like the mole, it 
lacks ears, but like a bird, does not lack ear holes in which it receives sound. It has teeth similar to 
the teeth of a mouse. Indeed, from the coat of this animal, although it is not valuable, clothes are 
often made. 

The Pannonican mouse [Mus pannonicus] also goes into burrows in the earth: its color is 
somewhat green, its appearance like a weasel, its size like a mouse. And the shrew [Sorex] buries 
itself for the winter months in the earth, into which the cavern descends almost to a depth of three 
feet. Dug out and exposed to the sun, like other animals that sleep during the whole winter, it wakes 
itself up by moving very slowly. It measures three-quarters of a foot long: its color is reddish in the 
summer, mixed with dusky color, in the autumn it is gray. Its ears, as Pliny writes, are shaggy 
[hairy]: the base of its tail, at the lowest part like that of a fish: for it is not totally covered and full 
of hair, like a squirrel, but in fact, the hairs on its ears are very small. This mouse climbs trees in 
the forest, like the dormouse and the Pontican mouse and the squirrel. The female eats the fruit of 
pear trees and Abellian [hazel] nuts, therefore among the Germans she takes her name from the 
hazel tree. But another mouse of the forest is shorter than the shrew, and it measures half a foot 
[semipedalis: approx. 12.5 cm]. The color on the back and flanks is a gray-mouse-color, the stom- 
ach is white. It digs into the earth at the base of shrubs to a depth of two feet [duum pedt: approx. 
50 cm] and a length of four feet [pedes quatuor: approx. 100 cm], and in the bottom of the burrow 
the whole group gathers a portion of acorns and the fruit of cherry and plum trees, and other fruits, 
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but especially Abellian nuts, since these are the best. The animal derives its name from that very 
kind of nut. [489] It generally makes its nest in the middle of the excavation in the form of a pile 
of leaves from trees, so that if water ever falls in drops on the earth, it falls outside, and the Abel- 
lian mouse sleeps dry inside its nest. Moreover, on the other side of the excavation it has a hole, by 
which it is able to exit the nest when it digs out Abellian nuts 

On the other hand the shrew mouse [Mus araneus], just like the rest of the domestic mice, 
does not hide in the earth. This mouse, for the following reason, because it instills venom with its 
bite, like a spider, acquired its name among the Latin speakers. Among the Greeks, however, who 
call it mugalein [shrew-mouse or field mouse], with respect to its size, as Aetius, who describes it 
briefly, said, it is equal to a mouse, but in color it is similar to a weasel. More specifically, the color 
is reddish mixed with a dusky color, except on the stomach, which is a mottled whitish-gray color: 
it has a long pointed snout. On each jaw, the teeth end in double points and for this reason, animals 
receive quadruple wounds from the bite of this creature. It has beady black eyes and a short tail, on 
which the hair is very short: in warm climates its bite is often pestilential, while in cold areas it is 
not. And moreover, when the shrew mouse is wounded or dismembered, it heals itself by placing 
its own poison on the wound. Cats capture and kill this animal, but shrinking from its venom, they 
do not bite it, just as they do not bite the rat. In fact, although the rat does not hide during the win- 
ter, nevertheless it enters underground burrows in the Ioachimican valley from its most recent home 
and it dwells in these burrows. Otherwise, especially during the cold season it is accustomed to 
wander in our homes. It nearly rivals and is equal in size to the mass of the body of the smallest 
weasel. Its coat is blackish, its tail is long, extremely thin, and totally bare of fur. 

But several types of mustellids hide in the earth, and there are many of them. In fact, there is 
the domestic weasel [Mustela], which the Greeks call ga/eein, and the Germans call viselam 
[ Wiesel] because of the sound it makes. It is generally reddish yellow on its back and flanks, rarely 
yellow. It is always white on its throat and stomach, but in fact, it is rarely found totally white.* It 
has a body that is slender and long, a short tail, short front teeth, not long like a mouse, and it is 
eager to reproduce. Because it fears danger for its recently born young from humans and several 
other animals, it transfers its offspring every day to another place by grasping them in its mouth. It 
hunts mice, and it fights with snakes, and so that it might be safe from the snake’s venom, it eats 
rue first. It bites the udders of cows, and when they are first swollen, they are healed by being 
rubbed with the hide of a weasel. This weasel, if it lives in our house, and if it has its own caves 
does not bury itself for a long time and very often: if it lives in the countryside, it hides in holes 
during the cold season. 

The Germans call the second class of weasels i/tiss [polecat, eds.] from the Greek word iktis 
[yellow-breasted marten, eds.], which learned people call the forest-dwelling weasel. Moreover, 
this creature lives in hollows in river banks, where it eats fish captured in the manner of an otter or 
a beaver, and it also dwells in the woods, where it catches birds, and in homes, where it eats hens. 
Therefore Pliny says that it is domestic. It squeezes the blood from these birds, but lest the prey be 
able to protest, first it removes their heads by biting. And it also deprives them of their eggs, which 
it is accustomed to steal, and to gather many of into one pile. The domestic weasel is somewhat 
larger, shorter, and thicker than the forest-dwelling weasel, which is called the marten. It has hair 
that is uneven in length and not of one color. In fact, the short hairs are yellowish, the long hairs 
black. Thus, those black hairs stand out from many parts of the body, with the result that they seem 
to be marked with black spots. But yet, the hair around the mouth is white. When the animal is 


* [literal translation] “and in fact, it is not never found totally white, although rarely” in which Agricula uses the the 
double negative. [Eds. ] 


ALDRICH, LEVITON, & SEARS: AGRICOLA’S DE ANIMANTIBUS SUBTERRANEIS 109 


heavily provoked it smells badly. On account of this, the hide is worthless to us, and they are accus- 
tomed to call the hide of this type of marten extremely foul-smelling. 

The third class of forest-dwelling weasel sleeps in cracks and caverns in rocks. This animal is 
called martes by Martial, martarus [Marder] by the Germans. This line of Martial is in the tenth 
book of Epigrams on Mother Nature:[490] “When the marten is caught, the proud hunter arrives.” 
It is about the size of a cat, but a little longer. In fact, it has shorter legs, and subsequently shorter 
claws. Its entire body is covered with mixed black and tawny hair, except for its throat, which is 
white. Similarly to the preceding kind, this weasel enters homes and kills hens, and squeezes out 
their blood and deprives them of their eggs. 

The fourth class of weasel is also forest-dwelling, it lives its life in trees, but it is also called 
by the name of marten. This weasel only leaves the forest rarely and contrary to its usual behavior, 
and it differs in this respect from the type of weasel just mentioned most recently. In addition, it 
differs in that its throat is saffron-colored and the hair on the rest of its body is a darker yellow. 
They say that there are two classes of this animal: one which lives in beech trees in the woods, 
another which lives in firs and which is much prettier to look at. 

The fifth class of weasels is the handsomest and noblest of all which the Germans call zobelam 
[Zobel] (sable-colored). It spends its time in the woods, like the martens about which I have already 
spoken, it is a little smaller, yet it is entirely a dark tawny yellow color except for the throat which 
has gray on it. Weasels of the latter three classes stand out much more than all the rest in the degree 
to which some white hairs are mixed with the yellow ones. Moreover, sable-colored pelts are worth 
more than cloth woven with gold. For I have heard that a number as great as forty of the best pelts 
are accustomed to be bound together in one little package and sold together, and they sell for more 
than a thousand gold coins. Moreover, the entire race of weasels, when stirred by anger, smell like 
something horrible, but especially that animal which the Germans call //tiss [polecat, eds.]. In addi- 
tion, the entire filth of the weasel is redolent of musk. 

On the other hand, the mink, which also lives in the woods, is the same size as a marten, and 
it has short hair that is a uniform length and it is about the same color as the hair of an otter, but 
the pelts of minks are far better than the pelts of otters. And these especially stand out if white hairs 
are mixed with the rest. This animal is chiefly found in the vast, dense forests which are between 
Sueva and Vistula. Although it is true that all weasels neither hide during the winter months nor go 
into the ground, nevertheless I have portrayed the unique features, because as an observer, this 
would be useful for the future study of natural history. 

But the ferret which drives rabbits from their holes is a little larger than the domestic weasel. 
Its color is generally that of a boxwood tree mixed with white. This animal is bold and ferocious, 


and hostile to almost the entire animal kingdom: it is unfriendly by nature and drinks the blood of 


those animals that bite it, but it hardly ever eats the flesh. 

The hamster is nearly as ferocious as a destroyer of fields and an enemy of Ceres, which some 
call Cricetum [a hamster]. The inhabitants of Palestine once called it an arktomun [bear-mouse, 
eds.] in Greek and for the reason that it belongs to both the class of mice and that of bears, since it 
stands upright on its rear legs, on account of which it is seen to have a black stomach. It seems 
angry and caustic to such a degree that if an unprotected horseman were to pursue it, it is accus- 
tomed to leap up and seize on the face of the horse, and if someone were to capture it, it is accus- 
tomed to hold on by biting. It lives in caves in the earth, not unlike rabbits, but the caves are nar- 
rower and for this reason, skin covers its haunches on both sides, it is bare of fur. It appears a lit- 
tle larger than the domestic weasel: it has exceedingly short legs. The color of the hair on its back 
is about the same as that of a hare: on its stomach the hair is black and on its sides it is reddish. 
Moreover, each side is marked by three white spots. The highest part of the head, like the neck, has 
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the same color as the back: the temples are red, and the throat is white. The tail, which is three inch- 
es long from side to side, is the same color as the tail of a hare. Moreover, the hairs cling to the 
skin, so that it is very difficult to pluck them from it. But the skin, on the other hand, is very easi- 
ly separated from the meat, and the hairs are removed from the skin by the roots.[491] So for this 
reason and a variety of others, the pelts of this animal are expensive. 

It collects many seeds of grain in its cave, and it holds its cheeks out wide and stretched away 
from its teeth on both sides and it chews the seeds. Therefore, they call a ravenous person by the 
name of this animal, just as a squirrel either grooms its ears and face with its front paws, or, stand- 
ing erect, takes up its food and eats while standing on its hind legs and haunches. The Thuringian 
field is full of these animals because of the abundance and quality of the grain, but the Misenian 
field is lacking these animals although they are found in the regions of Pegau and Leipzig. 

The lemming | Vormela] is smaller than the hamster and more varied in color. Indeed, with the 
exception of the stomach, which is black, the entire body is marked faintly with white, yellow, red, 
and tawny spots. In fact, the tail, which is 1.5 palms long, has ash-colored hairs mixed with white, 
but it has black hairs at the tip. 

Up till now I have spoken about the classes of mice and weasels and related animals, of which 
the greatest part goes into subterranean caves. Now | will talk about the porcupine [Hystrix], which 
does indeed withdraw into caves, but during the summer months, as Albertus writes: and it does 
this in contrast to the habits of the rest of the animals. Some Greeks call it akanthochoiron [thorny 
piglet, eds.] because it bears similarity in appearance to a two-month-old piglet and it is rough with 
spines like a hedgehog. But yet it has a head similar to that of a hare, ears like those of a human 
being, and feet like a bear’s. Its crest sticks up from the highest part and is white at the top, and the 
bumps of its skin, which arise from both sides of its face, hold long black bristles growing from 
them. In fact, the rest of its hairs are also black. The first spines arise from the middle of the back 
and the flanks, but they are longest on the flanks and at the highest point of the flanks. These indi- 
vidual spines are part black and part white: they are as long as two, or three, or four palms, and if 
ever it is pleasing, it raises its tail like a peacock, and sends these down into the cave as it is about 
to enter. When provoked with anger it stretches out its skin, and it fastens missiles on the face of 
attacking dogs, or it throws a spine with such great force that would stick in wood. It has four long 
teeth, like a hare, two on the upper jaw, two on the lower. It stays awake during the night, and it 
sleeps during the day. It eats broken pieces of bread, apples, pears, turnips, and parsnips, and it 
drinks water, but it greedily guzzles diluted wine. This animal is born in India and Africa, from 
where it has recently been brought to our country. 

During the winter season bears also settle down in hiding places in dens, which their location 
provides for them. So if the location provides no hiding places, using their front paws as hands, 
they make burrows from branches and shrubs piled together and constructed so that they do not 
feel the rain in the dens which they climb into to lie down. And they fear that their tracks, imprint- 
ed on the ground, will reveal them to hunters. In addition, the males hide themselves in burrows 
for 40 days, the females for four months: at which time they give birth to flesh that is white and 
shapeless, and gradually by licking it they shape it into their own image. Because Ovid was not 
ignorant about what he wrote: 


A cub which a bear has recently given birth to, 
but the flesh is scarcely alive, the mother molds into limbs by licking 
and she herself restores it to the sort of form which it should occupy. 


First of all, they lie hidden and sleep close together for 14 days, and they become so fat from 
heavy sleep that they settle down and tucking in their front paws they live their lives. And in fact, 
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they come out of their hiding places again in the spring: the males very fat, the females not as 
much, because they had given birth during that season, and they free their tight belly by eating the 
plant of the arum genus. And although the male bears are incredibly eager for slaughter, neverthe- 
less the she-bears will exhibit no savageness if people prostrate themselves before them and turn 
their faces toward the earth and do not draw breath. [492] But they only leave behind those things 
that smell like they are dead, which they decide that they dislike. 

In addition, there are bears that are not familiar to us humans, for the cold regions give birth 
to many which are either dark gray or black. Of these animals there are two classes: great and 
small: the latter climb trees more easily and never grow to as great a size as the former. Both kinds 
eat meat, honey, the fruit of trees, and plants. In fact, Mysia gives birth to white bears, which cap- 
ture fish like the otter and the beaver. 

The lizard also hides in the earth during the winter months, although there are some who say 
that the life of this animal does not exceed six months. The lizard is generally accustomed to live 
for the remaining seasons of the year in bramble thickets and thorn bushes. The tongue of this 
quadruped is forked and hairy: its feet are small, and in the spring its color is green, while it is a 
yellow-green in the summer. 

The copper lizard [Lacerta Chalcidica], named for the copper-colored stripes by which its 
back is marked also hides itself. This same creature is called a venomous lizard, because the wound 
putrefies if it should bite someone and it usually flows with foul-smelling pus. The form of its body 
does not differ from that of a green lizard, but only in the color. The water lizard [Lacerta 
aquatilis], whose life is spent in the water and on land, but it is more often in the water, also hides 
itself. It is born in shady hollows, which are in rich soil, and in certain ditches around city walls. It 
is small and in addition it has a dissimilarity in color from other lizards, since it is either ash-col- 
ored or dark-gray mixed with ash-color. It moves slowly like a tortoise or a salamander. It grows 
angry if provoked, raises itself up, gets puffed up in a certain way, stands up on straight legs, and 
with its mouth wide open in its fearful face it stares fiercely at the one who provoked it. And it 
slowly releases a foul-smelling, milky white sweat continuously while the lizard itself grows com- 
pletely white. Established in this position, it moves its tail to leap and it tries to flee, because 
although it bites viciously, it is unable to win, and it would die immediately, when otherwise, if 
simply beaten, it lives for a long time. 

The chameleon [Chamaeleon], born in India and Africa, which, as Aristotle writes, has a body 
in the same shape and form as a lizard, escapes notice [camouflaged]. In fact, like a fish, the sides 
of this creature, pointed downward and extending straight back are joined with the stomach, and a 
spiny ridge overhangs the flanks. The appearance is similar to a monkey, which they call Cebus. 
The tail is long, which has a very narrow tip, and is a tangle of many round structures in the man- 
ner of a rawhide whip. When it stands still, it withdraws higher from the ground than the lizard. It 
bends its legs no differently than a lizard: each of its feet are divided into two parts, which have as 
great a space between them as the thumb has from the remaining part of the hand. In fact, even 
these same individual parts are divided into certain small toes: the inner parts of the front feet into 
three digits, the outer into two, while the inner parts of the rear feet are divided into two digits and 
the outer parts into three. Moreover, their toes have toe-nails similar to the claws of other animals 
which are curved. The whole body is rough like that of a crocodile. The large eyes are positioned 
in a hollow recess, round, and covered with a membrane similar to the skin on the rest of the body. 
There is an area remaining between the membrane and the eyes, through which it sees. It never cov- 
ers the eye over completely with skin. The eye turns in a circle and turns around backward to look 
in every direction, and in this way it perceives whatever it wants. When puffed up, it changes color, 
but otherwise the black does not differ much from the color of a crocodile, and like a lizard, it is 
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yellow-green, yet it is varied with black spots like a leopard. Moreover, the alteration of color is on 
the whole body. For the color of the eyes and tail does not change differently than that of the rest 
of the body. Its motion is slow to observe, like that of a tortoise. It grows pale when it dies, and the 
same color remains in the dead creature as when it was alive. It has a rough throat and neck in the 
same position as a lizard. On no occasion does it have flesh except on its head and jaws, and indeed, 
the rest of the body is lacking flesh. In fact, [529{493} typographical error in folio pagination] there 
are small pieces of flesh on the jaws and tail, and on that part of the body which is connected to 
these. It only has blood in its brain, in its eyes, in the highest part of the heart, and in the blood- 
vessels coming from that part, and in these there is very little blood. The brain is positioned a lit- 
tle bit above the eyes, and it is adjacent to these. 

However, with the outer skin of the eyes removed, something is enclosed which shines like a 
thin copper ring. Many thick membranes which surpass those on the rest of the body are spread out 
over the entirety of the animal’s body. Cut open completely, the animal breathes for a long time, 
because a very small beat is still present in its heart. When it draws together every part of its body, 
it especially does so with its flanks. It never contains a spleen of the sort which can be observed. 
And in fact, it is named for being nourished by the breeze: from which Ovid, a poet who was not 
only charming but learned wrote: 


And indeed, that animal which ts nourished by the winds and the breeze, 
Immediately imitates whatever colors it touches. 


Indeed, the gecko hides: its shape is similar to a lizard, its nature to a chameleon. For it lives 
only on rain water, as well as spiders and honey. This creaturea, Nicander calls askalabon (the spot- 
ted lizard), and Aristotle askalabotein [the spotted lizard]. For the gecko’s back is marked with 
shining spots in the likeness of stars: for which reason it takes its name among the Latin speakers, 
and it differs in this respect from the lizard. The same creature is called ga/eotes [lizard] by the 
Greeks. Like a serpent, in the spring it sheds its winter skin as if it were a snake-skin, and unless 
it is snatched away first, the gecko devours its skin. Whatever the gecko bites is crushed by a sleepy 
stupor. In Greece, it is poisonous and pestilential, while in Sicily it is harmless. It is hostile to scor- 
pions: it leads its life in tombs, in vaults, and in the areas around doorways and windows. Enclosed 
in a glass vessel, it is able to live without any food for longer than half a year. Only its eyes become 
swollen, but it suffers no other ill effect. 

The salamander also hides during the winter months. For in the region of Schneeberg, in Feb- 
ruary of this year the greatest group of salamanders was found, collected from the neighboring 
areas, massed together in the largest of the certain hollows, once made in the mountain at 
Muhlberg, but at that time restored. And in November of last year, a live salamander flowed out of 
a stream in the neighboring woods through the water pipes into this town. Moreover, rain storms 
and the subsequent pleasant weather stir salamanders from hollows, fissures, and gaps in rocks. 
This quadruped, which has the same shape as a lizard, because it walks slowly on account of its 
short legs, the Germans call by the Greek name mo/gein [Molch, salamander]. The head of this ani- 
mal is large, its stomach is a yellow color, as is also the tip of the tail. The rest of the body is entire- 
ly marked with alternating black and yellow spots like stars. It perishes on account of fire, or cold 
temperatures no differently than from ice. In this way, in fact, the eggs of snakes are piled togeth- 
er in the flame of a furnace, since they are accustomed to extinguish the flame. But yet the eggs 
themselves are burned up as much as the salamander. Furthermore, when provoked, the salaman- 
der vomits out a milky-white liquid. Some think falsely that the gender of this animal is neither 
male nor female. 

The land tortoise [Testudo terrestris] also hides in the earth for the entire winter, and spends 
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the time pressed with heavy sleep without any food. 

Finally, golden scarabs [beetles, eds.] and crickets, which sing primarily at night, dig in dry 
earth, so that they might sleep in their hollows during the summer. Likewise, domestic crickets 
sleep during the winter. For, before autumn, scarabs go deep into the earth until the entire summer 
has passed by. Country crickets enter the earth before winter, just like black spiders, which live in 
the same way in cracks in the earth. 

But the venomous centipede is born and lives in the trunks of trees, or in posts placed on the 
earth, or in stakes stuck in the earth, when they rot, from which it gets its name. When these objects 
are moved or shaken, it comes out, [530{494} typographical error in folio pagination] but other- 
wise it is generally accustomed to hide. It lacks wings, but it has many feet, on account of which 
some call it by the Latin name multipede [many-legged one], others centipede [100-legged one], 
and others millipede [1000-legged one]. Whenever it crawls, it bends the middle part of its body 
like a bow. If it is touched by a stick or some other thing, it draws in upon itself. It is copper-col- 
ored, it has a slender body, and three not especially broad, but very long toes, or at the most four. 

Now bank-dwelling swallows [Hirundines ripariae] are among the flying creatures which 
bury themselves. For indeed, a great number of them hide themselves in nests during the winter 
months on the banks of rivers, lakes, swamps, and on the shores and rocks of the sea. For this rea- 
son, it happens that fishermen sometimes remove them from the water joined together in this way. 
Moreover, they are called bank-dwelling, because they are accustomed to dig in banks and to con- 
struct nests there and to hide. These birds the Greeks call apodes [footless ones], not because they 
are without feet, but because they lack the use of their feet. The Greeks also call them kupselas 
(hollow vessels/boxes), because they bear eggs and they sleep in long hollows made of clay. The 
entrance to these is narrow, so that at every time of the year they might be able to avoid animals 
and humans, and to remain safe from the cold in the winter. In this way they differ from both coun- 
try and domestic swallows [Hirundines domesticae], because they have hairy shin-bones. These 
birds, Pliny says, are those which are seen in the whole sea, and they never go as far toward ships 
and in a continuous course away from the land as those footless swallows fly. The rest of the class 
of swallows rest and stop, while these have no rest except in the nest: they either hang in the air or 
they lie down. 

As a matter of fact, during the winter, the following animals about which | have just spoken 
hide in caves in the mountains, although not only in these: bats, owls, shriek owls, little owls, swal- 
lows, starlings, wood-pigeons, turtle-doves, blackbirds, thrushes, crested larks, and hoopoes. 

Now, of the class of aquatic animals which hide, some bury themselves during the winter, oth- 
ers during the summer, either in mud or in sand, and indeed they bury themselves in such a way 
that the entire rest of their body is covered, but the face is free. These fish bury themselves during 
the winter months: primadiae [unknown fish, transl.], the hippurus [goldfish or gold mackerel], the 
Egyptian bolti [Coracinus], the moray eel [Murena], the sea perch [Orphus], the conger eel 
[Conger], the rock-dwelling wrasse [or green wrasse: Turdus], the sea wrasse [Merula], the perch 
[Perea], the tunny fish [Thynnus], the skate [Raia], and every species of cartilaginous creature, 
including snails. On the other hand, the g/aucus [unknown fish, transl.], the gilt-head and the hake 
hide themselves during the summer months. The purple murex [Purpura], the buccinum [whelk], 
the scallop [Pecten], and the dolphin [Delphinus] hide for approximately 30 days until they grow 
old. 

Now from the number of animals of which there is life equally on earth and in the water, the 
aquatic lizard hides during the winter, as I have discussed above. And the crocodile [Chrocodilus] 
also enters its cave for the sake of avoiding the winter weather and it hides there for four months. 
It endures the bitter cold to such a degree that even when it is not accustomed to hide, it moves 
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about on the earth during the day and in the water at night. It is rarely reported to be living in 
Europe nowadays: but drug sellers often hang a dead crocodile from a beam in their offices. Pliny 
diligently pursued the shape and nature of this creature, he said it is a wicked quadruped, and it is 
hostile to the earth and rivers equally. This one terrestrial animal is lacking the use of its tongue: 
the lower jaw imprints a bite by means of the quick upper jaw, and subsequently it is frightening 
with a row of teeth crowded together like the teeth of a comb. In size it generally exceeds 18 cubits. 
It lays as many eggs as geese do, and it always incubates them near a predetermined place, to which 
the Nile flows during the height of the flood season. No other animal grows to a greater size from 
a smaller beginning. And it is armed with claws, and its skin is impervious to all attacks. A small 
bird, which in Italy is called the plover, the king of the birds, challenges this animal (the crocodile) 
when it 1s well-fed with fish for food and given over to sleep on the shore with a mouth that ts fit 
for eating in order to be open for the sake of its food, first the bird hops in and cleans out the croc- 
odile’s mouth, soon its teeth, and even inside its throat by scraping at this sweetness which they are 
especially greedy for. In this enjoyment, with the crocodile pressed by sleep, the bird catches sight 
of an ichneumon [mongoose], through these same jaws, and just like a spear sent [531{495} typo- 
graphical error in folio pagination] in gnaws on the animal’s belly. In this way it was a greater curse 
that nature was content with one enemy for this animal. And in this way dolphins traveling in the 
Nile, whose backs, just as if for this very use, have knife-shaped fins, repel their prey from them, 
and since they reign only in their river, and because they themselves are otherwise inferior in num- 
bers, they kill by cunning. The crocodile has soft, tender skin on its stomach, and for that reason 
dolphins immerse themselves when they are frightened, and going under the crocodile they pierce 
the belly with their fin. In fact, the human race is also an enemy to these animals in the Nile, called 
Tentyritae for the island on which they live. The length of them is small, but they are at present 
amazing for the use of intelligence to such a great degree. This creature is terrible against swift fly- 
ing beasts, and swift against pursuers. But these animals (humans) alone dare to go against them: 
in fact, they swim in rivers, and positioned on the crocodiles’ backs in the manner of those riding 
horses, with the head tilted back and the mouth open to bite, they insert a club into the mouth, hold- 
ing the right and left sides of the stick on either end, and they lead them captive to land like har- 
nessed horses. And with a single call they force frightened men to move fresh bodies to a grave: 
and in this way crocodiles do not swim up to this island, and by smelling the odor of the human 
race, like Psyllian serpents, they are put to flight. It is said that this animal has weak eyes in the 
water, outside of its sharper area of vision. For as long as this one certain animal lives, they believe 
that it grows: moreover, it lives for a long time. 

All frogs [Ranae] also hide during the winter months, with the exception of those very small 
ephemeral ones, which are pale mixed with a gray-blue color and crawl in roads and on shores. For 
these, because the male and female do not bring forth from a seed when they are joined in coitus, 
but they seem to arise from wet dirt during summer rain storms, for a long time they can not be in 
life. And in this way, this small green creature hides itself, which the Greeks call kalamitein [grass 
or reed frog], because it is accustomed to live in reed-beds, although it also climbs trees, and lives 
in grass, and which they also call brexanta [wet one], because the sound of this species presages a 
future rainstorm. Nor indeed, even though Pliny thinks otherwise, is it [grass frog] mute and with- 
out a voice. On many occasions in the spring it seems to come out of the middle of the earth, and 
to still hide in the middle of it as well. Green frogs [Rana viridis], which live in rivers and pools 
and these indeed are known for their call and for being edible, hide themselves. Bluish and reddish 
frogs bury themselves, which live in rivers, lakes, swamps, and pools. Some of these are vocal and 
edible, some are mute and cannot be eaten. But there is proof that these hide in the earth during the 
winter months, because in the spring not only their offspring are seen in pools, but even the green 
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frogs themselves. For this reason, what Pliny wrote is not true: it is remarkable that those which 
were born are enervated in the mud for six months of their lives with no one knowing they are 
there, and are born again with the spring waters. Likewise, it happens every year by some secret 
reason. Moreover, the offspring of these have very little flesh, and they are round and black, then 
recognizable only by the eyes and the tail, these animals Nicander calls molouridas [moving tail] 
because they move their tail, Aratus calls gerinas [tadpole] because they are round, and other 
Greeks call batrachides, as you say, little frogs. Afterwards, the front feet of these are formed from 
the chest, and the tail is divided into the rear legs. Moreover, pale frogs bury themselves in gar- 
dens, and these creatures are not to be eaten and are mute. Finally, the toad [Rana rubeta], which 
gets its name from brambles, buries itself and is accustomed to live under thorn-bushes. The poet 
calls this a toad [bufonem] and the Greeks p/runein [a toad]. There are two classes of this creature, 
the second one earthly [¢errena], which lives in houses and bushes: the former [pa/ustris], which 
emits the call of its species, lives in swamps. Both kinds are poisonous, each, if it is struck repeat- 
edly with a stick, first, with its body puffed up shoots venom a long way from its hindquarters and 
then perspires. The milky drops of its sweat are of an extremely offensive and foul smell, and it can 
generally be killed [496] with opium, but it is difficult to kill. Witches use the Rana rubeta [toad] 
for certain poisons. 

The water mouse [Mus aquaticus] also hides during the winter in the banks of rivers and 
streams which it inhabits. It is about the same size as the woodland mouse: it often bites the hands 
of fishermen, when they pull out river crabs from holes in the banks. It devours little fish, like the 
river dwelling gudgeon or white fish. It eats the young of the pike [Lucius], the sa/aris [trout], the 
river barbel [Barbus], and of other fish. For this reason, when this species of mouse is born with 
great strength, it is accustomed to inflict devastation on streams. 

Even the river dwelling crab [Cancer fluviatilis] dwells in river banks and hides in these dur- 
ing the winter, it generally moves about during the summer. But the scorpion, which only Germany 
knows how to import, does not hide in the earth, but nevertheless it dwells in walls and under rocks. 

Now finally in the class of snakes, which are for the most part earth-dwelling, the viper 
[Echidne], which the Greeks call echidnein [adder or viper, eds.], climbs under rocks during the 
winter. It is approximately one cubit long (17.4 inches) and is covered with dark spots on a red 
background. It first produces its eggs inside itself, then unlike other living animals, it does not bear 
one offspring at a time, as Nicander and Pliny write, but in one day it bears 20 offspring. Nor do 
the rest of the offspring, intolerant of the slowness of the birth, break through the sides of the par- 
ent, but as spies of serpents tell us, on one single day it generally bears 11 offspring, sometimes 
more, and it lives curving over them as protection. And in fact, when vipers mingle their bodies 
together, wound about one another, the female does not bite off the head of the male from the 
sweetness of pleasure, when it is pushed into her mouth, as Pliny writes. Moreover, not only does 
the male, but also the female have a tail that is naturally short and seems broken, not long like the 
rest of the snakes. But they differ from one another in that the females have a broad head, and the 
males a narrow one. When the male bites and spits out venom, the marks of two sharp teeth appear: 
when the female bites there are more marks. The viper does not consume milk, in the manner of 
other snakes, but wine, for which reason Galenus writes that it creeps into a flask filled with wine, 
and that wine in which a viper has died, is drunk as a remedy for one sick with elephantiasis. Peo- 
ple do many things against the bite of a viper, but in particular, Suetonius left behind a writing that 
warned Caesar Claudius, with an edict having been decreed to the Romans to make a drink from 
the yew-tree. 

Moreover, the dipsas snake [Dipsas] is very similar to a smaller viper, and since it is white, 
two black lines mark its tail. It kills victims by inflicting them with an insatiable thirst, from which 
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it derives its name. In fact, the snake itself is very thirsty and for this reason the belly of the bur- 
dened snake is broken open by excessive drinking, and it pours out its heavy burden: some call this 
a firestorm, and others a waterspout, but the waterspout differs in effect, although the shape of the 
spout does not differ very much from the snake. For the snake delivers a blow that renders its vic- 
tim immobile and witless with paralysis: soon with the victim’s weapons floating away, they are 
consumed with itching and weakening of the stomach. 

And the blind snake [Typhlinos, Typhlops] buries itself in the earth like nearly all the rest of 
the snakes, or in cracks of rocks: in fact it is called this [caecula, i.e., the blind snake] among the 
Germans because of its blindness: for this very reason Nicander calls it tuphlopa [or typhlopa: 
blind-eyed] and others call it tuphlinon [or typhilinon: blind], for indeed it lacks eyes. Its color is 
green on a yellow background, and it is very resplendent. It is never longer than a foot and never 
thicker than an inch, just like the viper, as Columella left in writing, and often, when an unwary 
cow is lying down on top of a pasture, with the heavy creature having been assaulted, the snake 
presses a bite into it. 

In fact, the languid Libyan serpent has eyes: and indeed it is small and slow, but two-headed. 
Therefore it is able to go forward and backward with either head, whenever it pleases. For this rea- 
son its name was given to it amphisbaena |Amphisbaena]: the colored part of its thick skin rests 
on the ground, marked with varied spots. The shape of this creature is not unlike that of a cylindri- 
cal snake, but it is thicker. It is as thick as the handle of a hoe, and as long as [497] an earthworm. 
When this creature has shed its skin in the spring time, it does not feed on hay, like the other snakes: 
it gets its name from a walking stick (baculum). 

The water snake, so called because it swims, enters crevices in the earth or rocky places dur- 
ing the winter months. For this reason, it is called Audros [or hydros: of the water] by the Greeks 
because of its watery home, and chersudros [or chersydros: of the water and land] because it 
dwells on land and in the water. And I do not agree with Lucanus, who separates the water serpent 
from the water snake. Moreover, it is hostile and unfriendly to frogs: its form is no different from 
the asp, but it differs in its color, which is generally white mixed with an ashy-color. The Calabri- 
can snake appears to be from the class of water snakes, although it is spotted. Virgil describes it in 
the following verses: 


That evil thing indeed lives in the narrow passages at Calabra, 

The scaly back entwined with the raised chest, 

And the long belly spotted with large marks, 

Which, until any rivers are broken by fountains and until 

the earth grows wet with the spring dew and with the southern rains 
dwells in pools, and living in river banks this evil creature fills 

its foul belly with fish, and with loquacious frogs. 

After the marsh is dried up and the earth cracks open from the heat, 

It leaps up onto dry land and hurling balls of fire 

It savages the fields, since it is violent from thirst and agitated by the heat. 


Boas [Boa], moreover, are from the class of water snakes, which, on Pliny’s authority, grow 
to such a great size that, during the rule of the divine Claudius, one was killed in the Vatican a 
whole child was observed in its belly. They are nourished, first of all, on the milky juice of cows, 
from which they derive their name [cow in Latin is bos]: and indeed, there are no kinds of water 
snakes other than those which are native and indigenous. 

The asp [Aspis] on the other hand is four feet in length and the width of a lance. It is not one 
single color: for some are dirt-colored, some are various shades of green, some gray, and some fiery 
red, especially the kind from Ethiopia. Its dull eyes are situated on its temples, between the eye- 
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brows, in the likeness of two calloused fleshy growths. For this reason it does not cease from blink- 
ing, even when it is asleep, but it is easily awoken by the noise of animals. Egypt produces this 
creature, and Ethiopia, and other regions of Africa. Their consorts, I use Pliny’s words, hardly ever 
wander, unless they are accompanied by their mate, and in this way, when one of them is killed, 
the other has extraordinary desire for revenge: it pursues the killer, and attacks that one as much as 
it pleases in an open stream with a conscious understanding. It breaks through all difficulties, it 
goes to great lengths, and it is not warded off by rivers or swift flight. The ichneumon [mongoose], 
which is similar to the weasel, is especially hostile to this snake, and in this way, not only does it 
destroy the snake’s eggs, but it even kills the snake itself. Indeed, it often buries itself in mud, and 
dries out in the sun. Soon, when in this way it covers itself with many coats of mud, it approaches 
to fight. Raising its tail against the snake, it wards off the ineffective blows of its enemy, until it 
observes that the snake has its head turned and it attacks the throat. Moreover, Galenus classified 
asps in three categories: the red asp [chelidonias], the asp that resembles the land tortoise 
[cherseas, common European viper, eds.], and the asp that ejects poison at its enemies [ptyadas], 
which is named for its spitting. This is also the kind that Cleopatra used to kill herself. In fact, the 
asp, since it is intolerant of cold, hides during the winter, closed up and hidden in sand, just as a 
hamadryad hides in hollow beech or oak trees. For this reason, the asp takes its name. Some call 
it, as Nicander writes, a Aydron and others a chelydron. For it is similar to a water snake, as far as 
the head is concerned, but it has a grey back and it is the same width and length as the common 
eel, and it smells bad. It pursues the young of frogs because they are conspicuous with their tails, 
and it is an enemy to the great gadfly. 

But the horned snake [Cerastes] derives its name from its horns, which are doubled in the 
same manner as those of a snail, and in this way it bears a twin pair of horns on its head: and indeed 
they are fleshy, [498] and as Pliny writes, with the rest of its body hidden, the snake draws birds to 
itself with the motion of these horns. Otherwise, it is formed in the same shape as a viper. It is the 
color of dirt, yet in cold regions it is found to be similar in shape and color to the water snake, 
although it is accustomed to be found rarely in these places. It lives in sand and ruts in Africa: else- 
where it generally lives in cracks of rocks, in which it hides during the winter season. Aristotle 
passed down [related] that even the Theban snakes are horned. 

And the haemorrhoid [Haemorrhous] (a snake whose bite was said to cause bleeding from all 
over the body) goes into cracks in rocks, and it gets its name from flowing blood: for when it bites 
someone, on the first night blood bursts out of their ears, their nostrils, from their mouth along with 
spittle, from their bladder along with urine, and from their wounds along with pus. Moreover the 
gums and the flesh under the fingernails ooze blood, if the female haemorrhoid bites a person. 
Moreover, it is a foot long, and not very thick, for it gradually comes to an end at its thin tail. Some 
are gray in color, others a shiny white. Two small horns come from its forehead, likewise fleshy. It 
crawls more obliquely and slowly and in the same way it makes a noise as if it were crawling over 
reeds. Its body is similar to a sepedon, but it lacks little horns and it crawls in a different way. Its 
color is red and it is named for the putrefaction which quickly follows its bite. 

In fact, the Porphyrus, as Aelianus passed down, is a palm [hand width, approx. 10 cm] in size, 
the head is extremely bright white, the rest is a dark red, and it is harmless in its bite, since it lacks 
teeth. It is found in shallow places in India: when captured, it is hung by its tail, while it is alive 
they collect the liquid that flows from its mouth in bronze vessels. Next, in the same way, they take 
the black fluid from a dead one of this species similarly in a different vessel and this substance, 
given in food or drink with sesame seed gradually kills over the space of one or even two years, 
and it immediately begins wasting a person away in the manner of hemlock. 

The quick-darting snake [Acontias], which the Latin speakers call a dart, on the other hand, 
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from cracks in trees projects itself like a spear at an animal that passes by. For this reason, it gets 
its name. Not only does it hurl itself at an animal from above, but positioned on the ground, if it is 
provoked, hurling its body like a missile from far off it seeks its enemy. 

The cenchris snake, which Nicander calls cenchrinen, in fact gets its name for the reason that 
it is spotted with constant speckles similar in color to millet seed, for which reason Lucanus writes: 


How the cenchris always slithers in a straight path 

and its variegated stomach is colored with many marks, 

How the Theban spotted marble snake is dyed with small spots 
and its color is indistinguishable from dry sand. 


The basilisk [Basiliscus], on the contrary, is named for the reason that it excels the other 
snakes in its venom, just as a purple-clad king prevails in royal honors over those whom he is mas- 
ter of. Its head is pointed and its color is golden. The province of Cyrenaica, according to Pliny, 
produces this creature, which is no greater than the size of twelve inches, and has a white spot on 
its head as if it were wearing a crown. Its hiss puts all snakes to flight. And it does not spring into 
action with a twisted coil, as the rest of the serpents do, but advancing tall and straight up in the 
middle, it destroys shrubs: not only those it comes in contact with, but also those it breathes upon: 
it burns up plants, and it breaks rocks: so great is the violent strength of this evil creature. It is 
believed that when a horse is killed by a spear, this creature traveling through the spear by its own 
strength not only consumes the rider but also the horse. Indeed, often kings wish to see this crea- 
ture when it is dead, since the poisonous secretion of a weasel is the downfall of such a great mon- 
ster: thus far it has been pleasing for it to have no equal in nature. They throw weasels into caverns 
which are easily recognized by their putrefaction alone: the weasels kill with their odor, and they 
die and their natures create a fight. [499] The theologian Cassianus confirms that the basilisk is 
born from the eggs of birds which the Egyptians call the ibis: he asserts that the monster is born 
from an egg which the common rooster bears. The basilisk is regarded to be the animal that killed 
several men in Zuicca with its venom, and for this reason the master of the storeroom in which the 
creature was, closed the doors and enclosed them with a dirt wall. 

The dragon [Draco] follows, named for seeing, because it perceives more acutely than other 
snakes, for which reason the ancients placed it as a guardian of treasure chambers. And they placed 
it as a guardian in sacred temples, inner sanctums and oracle sites. Moreover, it is beautiful to look 
upon, for it is entirely black, except for the stomach which is greenish and it seems to have flesh 
hanging under its long chin, bringing the appearance of a beard because of it, and this flesh is moist 
with venom. The flesh of each eyebrow is thick. Moreover, it is adorned on both sides of the jaw 
with a triple row of teeth: yet it does not bite very much. It fights in some regions with eagles, and 
in Africa and India with elephants. For these animals are each 20 cubits in length. The class of this 
creature 1s divided in two: one earthly type, which I have just described, the other winged, which 
have membranous wings like bats. Cicero left the writing that this is carried into Egypt from the 
devastation in Libya by the African wind. | had one which was a foot and a half long, which I gave 
to Ambrosius Fibianus. It was nearly the color of a crocodile and Lucanus writes the following 
about it: 


You who also crawl, a power harmless to all lands, 

dragons shining with gilded flame, 

blazing Africa creates pestilential dragons, 

You reach the lofty ether with your wings, and chasing the whole herd 
you destroy it by encircling the mighty bulls with your whip-like tail. 
And the elephant is safe in no place, you give all to death, 

And there is no need for you to provide a harmful fate with your venom. 
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Besides, like some of the serpents described, they do not have to hide at any time of the year 
in the hottest regions, but they are certainly accustomed to sleep in sand and cracks of rocks. 

In contrast, the wood worm [Teredo] crawls, for it lacks not only wings but also feet. But it is 
a copper color and it is born and hides under rotten wood, and it is generally found near centipedes. 
It is the width of the smallest goose-feather, which we use when we write. It is the length of a cen- 
tipede, but it is smooth. 

Up to this point, I have described animals which hide in the earth during some season of the 
year: now I will talk about animals that are really and truly called subterranean, that is, about those 
animals which are born in the earth and almost always live underground, as if hidden. Moreover, 
these animals lead their lives partially on dry land, partially in the water or they live in subterranean 
streams. Of the first class are the mole, the mouse, the poisonous frog, the mussel, the pinworm, 
the earthworm, and cave-dwelling snails: of the second are subterranean fish. These are the animals 
I will pursue and I will begin with the mole [Talpa]. This quadruped is not much different from a 
mouse, except it is blind, although it has the likeness of eyes, as Pliny writes, if anyone should 
remove the membrane stretched over them. It is not covered with hair. It can even hear when it is 
submerged in water, but when removed from the earth, which it inhabits here and there in fields 
and even more often in meadows and gardens, it can’t live for very long. It has short legs, because 
of which it walks slowly. There are five toes on each of its front feet, four on the back feet, all are 
armed with sharp claws, with which it digs in the earth. Moreover, it has hair marked with glitter- 
ing black patches which are white on the young of this species. It eats frogs, even the poisonous 
ones, earth worms, and the roots [500] of crops and grasses. The pelts of these animals become felt 
caps and bed-covers. 

The subterranean mouse [Mus subterraneus] follows, which some call the wild mouse. Ser- 
vius thinks that it was called a dormouse by Cicero. Virgil writes the following about this mouse: 


Often a small mouse 

Builds dwellings under the earth and makes storehouses, 
Or moles, captured because of their eyes, dig dens, 

And a toad, found in caves, and many monsters which 
The earth produces. 

There are two types of this mouse, the smaller and the larger, and the former is not much larg- 
er than the smaller domestic mouse. The latter is not much smaller than the larger domestic mouse. 
In fact, it has a long, thick tail like the smaller domestic mouse. It chews, or more correctly it eats, 
and sometimes completely consumes the roots of the hops plant, parsnips, turnips and the rest of 
the legumes. It ravages crops: not only does this pestilential creature always hide in the earth, but 
it comes out rarely, if ever. 

On the other hand, the poisonous frog, which our miners call by their own word puriphrunos 
(fire toad), because of the color of fire which is on it, hides continuously among rocks as if buried 
and interred. It is born deep inside the earth, and is only found in fissures, small cracks and gaps 
of rocks, since they hollow these out for themselves. In this way they appear in solid rocks, 
although there are no holes to be seen, since the rocks are broken open by wedges. Truly in this 
way the fire toad was discovered at Sneeberg and Mansfield. When this creature is brought out of 
its subterranean hollows into the light it first swells and begins to puff up, and soon it leaves life. 
This kind of frog is very often found in Toulouse in Gaul [France], in a sandy red rock marked with 
white spots from which millstones come. For this reason, this species breaks through all rocks 
before they can make millstones from them, and if frogs are inactive when they live in millstones, 
they grow hot, are accustomed to puff up, and when the millstone has broken open they infect the 
grain with their poison. 
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The mussel-worm [Spondylis], on the other hand, is accustomed to be found inside the earth, 
wrapped around plants’ roots like a spindle whorl, for which reason the Greeks call it spondulos, 
since it bears that appearance. It is the length and width of a small finger: it has a red head, and the 
rest of the body is white, except the upper part is somewhat black. Whenever it consumes food it 
swells up. This creature is a pestilence for gardens, since it is not lacking feet, for it has six, and it 
does not crawl, yet Pliny writes that this species of creeping animal consumes the whole root of 
plants, the rind of fruits, and wherever the roots of these are covered, it gnaws away that much. In 
fact, it even eats the roots of the wild cucumber, the black pine-thistle, the centaury, the sulfur-wort, 
the birthwort, and the woodland grape vine, since no other animal would touch these. But the four- 
footed worm, which is born in May and runs in fields, is likewise as thick and long as the smallest 
finger, and like the earthly aphid (or other plant-eating pest), born in legumes, it lives above the 
earth. Its body is smooth, glittering black, thin and straight. The latter part of the body is attached 
to the chest. When it is held in the hands, it infects them with a greasy liquid, it pushes out urine 
as well as blood. 

And indeed the roundworms [Ascarides], which are small worms, are not of one uniform 
color, for some are white, some yellow, and some black. Most often they are stirred up by the plow. 
Moreover, many are found gathered in one certain place. They lay waste to plants: indeed they kill 
strong crops from underneath by cutting their roots. 

But earthworms [Lumbricus], which are likewise born inside the earth, and lack eyes are 
pulled out by the rain. Therefore Plautus’s Euclio, when asked about a church filled with gold, says 
to Strophylus: 


Outdoors, outdoors, O earthworm, you who crawl in this way out of the earth, 
You who are visible nowhere in this way, now when you are visible, you die. 
[01{501} typographical error in folio pagination] 


In fact, snails on the Balearic islands, as Pliny writes, called cave-dwelling, do not crawl forth 
from their caves in the earth, and they do not live in the grass, but they cling together in groups like 
grapes. 

Now I will continue on to the second class of subterranean animals, which live in wet places 
of the earth. For earthworms and other certain animals of this class are born as much in water as 
on land. Moreover, fossilized fish are found in two classes inside the earth, and they are tapered to 
a certain extent like eels and they lack a thick skin and scales like the gudgeon. And they have hard 
and not very pleasant tasting flesh. The larger ones are around two inches thick, the smaller ones 
around an inch. The former are approximately 16 inches long, the latter about 12. They emit a high- 
pitched noise. Drug sellers hang them enclosed in glass from a ceiling beam, so that they might 
present a spectacle for customers. For a long time they feed on bread and other things. 

Those animals, however, which rush from rivers into marshy places, leaving through cracks in 
the river banks penetrate deeper into the earth, and sometimes as far as the closest town in the sub- 
terranean cellars, in which wine and beer are accustomed to be stored. And yet Theophrastus writes 
that they are found near rivers and in watery places. For when water floods the earth, they leave 
the river beds and go onto land, and when the flood abates, they are left on the dry land. And in 
this way, following the water they go onto land, then when the water is dried up into vapor they are 
left behind. They do not live any differently than fish among the rest of those which are salted. 
Moreover, they perceive nothing when they are in their hiding places because of a numbness of 
their senses, but when they are dug out they move. And Theophrastus says that they descend into 
the Black Sea no differently than those fish which ice encircles. For they do not feel or move them- 
selves before they are cooked, having been tossed into a dish. 
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In fact, we see no fish that are accustomed to live continuously in rivers come up to the earth, 
left behind after floods in dry areas: they all die. And in this way, since fossilized fish are accus- 
tomed to be found in places which the water does not flood, it is certain that they entered that place 
through cracks and small fissures in the earth. Concerning this matter further, I have diligently 
turned to the Elbe River of Ortrand, the town which is near the Pulsnitz River. Not only are fos- 
silized fish accustomed to be found in Germany, but even behind the Pyrenees Mountains, as Poly- 
bius says in the 34 book of his histories, and on the plain all the way up to the Narbonne River. 
The Illiberis and Roschinus rivers were carried through this plain, flowing near cities of the same 
names, which were inhabited by Celts. Therefore, there were said to be fossilized fish on this plain. 
For the ground on this plain is thin, and a lot of grass grows there, and the spread out stream of a 
river flows under this through the sand at a depth of two or three cubits. And if ever the plain is 
flooded with water, the fish go under the earth for the sake of nourishment, for miraculously they 
grasp the roots of the grass, and they cause the plain to be full of underground fish, which the inhab- 
itants dig up. Fossilized fish are even found near Herculaneum and in many areas of the Black Sea, 
as Theophrastus published for posterity, and in Paphlagonia, as Eudoxus published. In fact, if we 
are to believe Seneca, there are pools full of shadows and large spaces under the earth. And ani- 
mals are born in these, but they are limping and deformed, since they are made in dark air, and 
derived from fat in the lethargy-causing waters. And as he also writes, that in Caria, around the city 
of Idimum, when the water bursts forth, whichever ones have perished, those fish consumed, and 
the new river reveals them to a place that was unknown before that day. 

Finally, perhaps because it is pleasing to theologians, demons [Daemon subterraneus trun- 
culatus]| are able to be considered in the number of natural subterranean animals, that live in cer- 
tain mines. Moreover, the class of these creatures is divided in two. For there are those which are 
ageressive and terrifying to look upon, [538{502}] which are generally hostile and unfriendly to 
miners. Such was the one at the Annaberger mine, which killed more than twelve laborers with its 
breath, which is called a rose-halo. In fact, it emits its fiery breath from its open mouth. And it is 
said to have been seen in the image of a horse possessing a tall head and neck and savage eyes. 
And the one at Sneeberg was of this sort: covered with a black hood, it picked up a certain labor- 
er from the ground into the highest part of the large cavernous space, which was rich in silver, and 
placed his mutilated body in the Georgian mine. In fact, Psellus, when he classified the number of 
demons into six types, says that this kind is worse than the others, because the material of its skin 
is thicker. Certain philosophers call these and similar demons, which are harmful and wicked by 
nature, stupid and lacking reason. 

Then there are weak demons, which some of the Germans, as also the Greeks, call hobgoblins, 
because they are imitators of humans. For they passionately ridicule joy: and they seem to do many 
things, but they do nothing completely. Some call them mountain devils, since they are common- 
ly noticeable in height, since they are certainly % as tall as a dwarf. Moreover, they appear as old 
men clothed in the manner of miners, that is, clothed with a shirt, and dressed with a piece of cloth 
hanging from their loins. These are not accustomed to do damage to miners, but they wander in 
wells and mines and although they do nothing, they seem to train themselves in every habit of 
laborers, now they dig cavities, now they pour what is dug out into vessels, and now they maneu- 
ver the hauling machine. Although in fact the dirt sometimes irritates the workers, nevertheless it 
rarely harms them. The hobgoblin never harms them unless it is first provoked by loud laughter or 
insults. And in this way they are not very different from demons, but they appear to humans much 
more rarely than those, since everyday they complete part of their work at home and they attend to 
their beasts of burden. Because they act kindly toward these for our sake and they are in the ances- 
try of humans, at any rate since they seem to be friends, the Germans placed a name on them, so 
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they call them Gutelos: and you call them Trullis. Nevertheless these had a false sex of male or 
female and were in slavery among the other nations, especially among the Swedes. But mountain 
devils work chiefly in caves from which metals are already being dug out or there is the hope that 
they can be dug out. For this reason miners are not frightened by their labors, but they are more 
eager, recognizing an omen from them and they work more vigorously. 
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Animantium nomina Latina Graecaque Germanice reddita, 
quorum author in lib De Subterraneis animantibus meminit 


Latin and Greek Names of Animals translated into German, 
which the author calls to mind in the book on Subterranean 
Animals 
NB: Latin [or Greek {italics} ] and German name 
(from Agricola, left column) followed by translation (right column) 


Of those that walk (Gradientium) 


Alce, elch/elend moose or elk 

Aper, wildschwein wild boar 

Araneus niger, schwarze feldspinne black [field] spider 

Asellus, schefflein: in fenestris uersatur donkey, lives in windows (?) 


Batrachides, kaulkréten little frogs [tadpoles][kréten toads, eds. ] 
Blattae, wibel/bzotworme/springtwibel cock roach or book worm 
Brexas, laubfrosch tree frog 
Bufo, krote toad 
Kalamite, item laubfrosch tree frog 
Kampsiouros, eichorn dormouse 
Caprea, reh roe deer 
Castor, piber beaver 
Cervus, hirs stag/deer 
Chamaeleon, Germanis est ignotus chameleon, unknown to the Germans 
Crocodilus, crocodil crocodile 
Cuniculus, cunlein rabbit 
Dama, ein gemps des horner vor gazelle/antelope 
sich gebogen sein 
Eleios, Italice gyro dormouse, gyro in Italy 
Erinaceus, igel/eius duo genera, hedgehog 
huntsigel und sewigel 
Fiber, piber beaver 
Formica, cims ant 
Gale, wisel stoat/weascl 
Glis, grossehaselmaus dormouse 
Gurinoi, Kaulkroten polywog/tadpole 
Hystrix, stachel schwein/ porcupine 
dornschwein/porcopick 
Ibex, steinpock ibex 
Iktis, iltes & aliae sylvestres mustelae weasel (and other woodland weasels) 
Lacerta, grunadex lizard 
Lacerta Chalcidica, kupferadex Chalcidican lizard 
Lacerta aquitilis, wasseradex water lizard 
Lupus, wolff wolf 


Lupus ceruarius, luxs lynx/wolverine 
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Lutra, otter 

Martes, steinmarter/und paummarter 

Meles, daxs 

Melium, ein halsband dar under daxs 
gefuttert/so man den hunden anlegt 

Molourides, kaulkroten 

Mus alpinus, murmelthier 

Mus araneus, spitzmaus 

Mus agrestis, schormaus 

Mus lassicius, lassitz 

Mus Noricus , pilche/bilche/zisel/ 

bilch maus/ziselmaus 

Mus domesticus maior, ratte 

Mus Pannonicus 

Mus Ponticus, hermlein 

Mus aquaticus, wassermaus 

Mus subterraneus, klein sch6rmauss 

Mus sylvestris, haselmaus oder 

nosmaus 

Mustela domestica, wisel 

Mustela sylvestris, iltes 

Mugale, spitzmaus 

Mus skiouros, eichorn 

Noerza, noerz 

Platyceros, damhirs 

Pulices terreni, erdfloh 

Puriphrunos, feiirkrote 

Rana rubeta, krote 

Rana temporaria, reinfroschlein 

Rana venenata fossilis, fetirkrote 

Rana viridis parva, laubfrosch 

Ranae virides, sublividae, subcinereae 
frosche 

Rupicapra, ein gemps des horner 
hinder sich gebogen sein 

Salamandra, molch 

Scarabeus, de quo hic loquimur, 
sewkefer 

Skiouros, eichorn 

Sorex, mitle haselmaus 

Stellio, Tarantula [sic: ? in error] 

[Tarantula 

Talpa, molwurff 

Tarandrus, reen 

Testudo, schiltkrote 

Tragelaphus, brandhirse 

Vermis in Maio natus, meiworm 
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otter 

marten 

badger 

badger fur collar 


tadpole/pollywog 
Alpine mouse 
shrew mouse 
country mouse 


gopher 


rat 

Pannonican mouse 
Black Sea mouse 
water mouse 
subterranean mouse 
woodland mouse 


domestic [=common] weasel 
woodland weasel 

rat 

dormouse 

mink 

wide-horned stag 

ground fleas 

fire toad 

toad 

pure frog 

fire toad 

small green frog, foliage [tree] frog 
green, slate, or gray frogs 


mountain goat 


salamander 
beetle [scarab] (about which we are speaking here) 


dormouse 
shrew-mouse 

gecko 

tarantula] 

mole 

reindeer 

tortoise 

wild goat or antelope 
May worm 


Viverra, furette und frette 
Vormela, wormlein 
Ursus, beer 

Vulpes, fuchs 

Zobela, zobel 


Of those that fly (Volantium) 


Alauda, lerch 

Anas immansueta, wilde ente 

Anser immansueta, wilde gans 

Apis, pien 

Apodes, spirschwalben 

Aquila, adler 

Ardeola, reiher 

Attagen, haselhun 

Bubo, groshuhu 

Ciconia, storch 

Cornix, Krahe [Krahe] 

Corvus aquaticus, wasserrabe 

Corvus, cuius caput rubra macula 
est insigne, holkrahe [-krahe] 

Corvus nocturnus, nachtrabe 

Crabro, horlitze 

Cuculus, kucktick 

Kupselos, spirschwalben 

Fulica, wasserhun 

Galgulus, hemmerling 

Gryllus domesticus, hausheim 

Gryllus agrestis, feldheim 

Halcyon fluviatilis, eisvogel 


Hirundines domesticae, hausschwalben 


Hirundines agrestes, maurschwalben 

Hirundines ripariae, spirschwalben 

Ibis auis Aegyptiaca Germanis ignota 

Ikteros, hemmerling 

Lagopus, schnevogel 

Locusta, heuschrecke 

Mergus, teucher 

Merula, amssel und sehamssel 

Milvus, weth oder hunerahr 

Noctua, ranzeule/schlaerule/ 
stockeule/steineule 

Nuktikorax, nachtrabe 

Olor, schwan 

Onocrotalus, schnegans 

Palumbes, holztaube und ringteltaube 
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ferret 

lemming; marbled polecat 
bear 

fox 

sable 


crested lark 

wild duck 

wild goose 

bee 

bank swallow 

eagle 

heron 

hazel-hen 

horned owl 

stork 

crow 

cormorant, water raven 
crow (whose head is marked with a red spot) 


night crow [raven] 

hornet 

cuckoo 

bank swallow 

coot 

yellow bird (perhaps the golden oriole) 
domestic cricket 

wild cricket 

river kingfisher 

domestic [=house] swallows 

wild swallows 

bank-dwelling swallows 

Egyptian ibis bird (unknown to the Germans) 
golden oriole 

ptarmigan 

locust 

gull 

black-bird 

kite 

little owl 


night raven 
swan 

pelican 
wood-pigeon 
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Perdix, raphun 

Pica, agelester 

Picus, specht 

Purrokorax, holkrabe 

Querquedula, krichentlein 

Sturnus, star 

Tetraones, pirckhuner und auerhan 

Turdus, krametvogel/zimer/ 
wein drusschel/zipdrusschel 

Vespa, wespe 

Vespertilio, fledermaus 

Ulula, huhu 

Upupa, widerhapfe 

Vultur, hasengir 


Of those that swim (Natantium) 


Alburnus, weisfisch 

Asellus, in Italia Asino 

Aurata, Venetiis Auraia 

Barbus, parme 

Buccinum, in Liguria corneto 

Cancer fluviatilis, krebs 

Conger, in Italia congro 

Coracinus, Neapoli coracino 

Delphinus, mehrrschwein/dar von 
kompt salspeck 

Glaucus 

Gobio fluviatilis, schmerle 

Hippurus 

Lucius, hecht 

Merula, Massiliae roquando 

Murena, in Italia murena 

Orphus, in Sicilia cernha 

Pisces fossiles, peifter und merputten/ 
qui sunt crassiores 

Pecten, Venetiis cappe 

Perca, berse 

Primadia 

Purpura, in Graecia porphyro 

Raia, roch 

Salar, fhure 

Salmo, salm/laxs 

Sturio, st6z 

Thynnus thunno 

Turdus, Massiliae roquando 


partridge 
magpie 
woodpecker 
fire raven 
teal 

starling 
wood grouse 
thrush 


wasp 

bat 

screech [tawny] owl 
hoopoe 

vulture 


white fish 

hake (Asino in Italy) 

gilthead (Auraia in Venice) 

river barbel 

kind of shellfish (corneto in Liguria) 
river crab 

conger eel (congro in Italy) 
Egyptian bolti (coracino in Naples) 
dolphin 


unknown fish 

gudgeon or loach 

goldfish 

pike, pike 

wrasse (roquando in Marseille) 
moray eel (murena in Italy) 
sea perch (cernha in Sicily) 
fish fossils 


scallop (cappe in Venice) 
perch 


purple murex (porphyro in Greece) 
skate or ray 

an unidentified sea fish perhaps a trout 
salmon 

sturgeon 

tunny fish 

green wrasse (roquando in Marseille) 
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Of those that crawl (Serpentium) 


Acontias, ignotus Germanis 


Amphisbaena, ignota 
Aspis, ignota 

Boa, unke 

Basiliscus, ignota 
Caecula, blindschliche 


Calabricus serpens, , ignota 


Xersudros, natter 
Cenchris, ignota 


Cerastes, hornichte schlange 


Dipsas, ignota 

Draco, drach 

Dryinos, eichschlange 
Haemorrhous, ignota 
Natrix, natter 

Porphyrus, ignota 
Scytale, ignota 

Sepedon, ignota 
Tuphlinos, blindschleiche 
Tuphlops, blindschleiche 
Vipera, Italis marasso 
Hudros, natter 


Of worms (Vermium) 


Ascarides, erdworme 
Lumbricus, reinworm 
Scolopendra, nassel 
Spondylis, engerle 
Teredo, kupferworm 


dart snake, unknown to the Germans 
Amphisbaena, unknown 
asp, unknown 

boa 

basilisk, unknown 
blindworm/slowworm 
Calabricus snake, unknown 
water snake 

Cenchris snake, unknown 
horned snake 

dipsa snake, unknown 
dragon 

Dryinos 

haemorrhois, unknown 
water snake 

Porphyros, unknown 
cylindrical snake, unknown 
snake 

| Zvphlinos], blind snake 
[Zvphlops], blind snake 
Viper, marasso in Italy 
[Hydros|, water snake [adder or viper] 


earthworm/pinworm/roundworm 
earthworm/pure worm 

venomous centipede/nereid worm 
mussel [worm] 

wood worm 


Of demons/supernatural beings (Daemonum) 


Daemon subterraneus truculentus mountain devil/mitis 
bergteufel mitis bergmenlein/ 


kogel/guttel 
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Index in Librum 
De subterraneis animantibus secundus 


Second Index in the book about Subterranean Animals 


NB: Words in italics are transliterated from the Greek. Pagination shown for the original text and 
may be found in the translation by reference to the boldfaced numbers in brackets [XXX] that 
delimit the beginning and end of each of the original folio pages. 


ACONIAS (QUIGK-GArinie Snake) wes. oe > Santa Lamareth € es oie Pew a aed e aert Yew 498 mid. 

RELATES one 5 Uvept SaeedB an! ako Randle aie mals TOM yt ate RA ga yes atin ae 478 mid., 498 mid. 

Aenariae coloni terrae motu & calidarum aquarum effusionibus sedibus exacti (Aenarian 
inhabitants, driven out by the motion of the earth and the outpouring of hot water 


FEET UNC PMNS ERE anc: chic avails ocxcquty ib da Seantiaginte of mae sxc, ec uceya egaaitens apdbios ad nga ws 480 top 
Akanthochoiros, qui & histrix (porcupine [akanthochoiros as well as hystrix])........ 491 mid. 
lana (Crested Tay. sia cos donee snark sictare eps eel ek rede weed gee oo ey elem e 482 bot. 

hyeme latent in caver nis montium (hide in the winter in caves of mountains)..... 494 mid. 
AIBSriS Vis ri S 65 IBOrE THe Great |. «.. o acaest cbmtnndore walelot's ngide uaa Ree ker anak RES 480 mid. 
CTS RN NO aati edl el x gas sch ag TE Bd Ulcers Rihana he et aS SA i lost iad nace: 485 top 
PRPS OTN NEE TEN ARVO oh wires 3. dealt Se eevee eas "ween “yates rv dink te Pc ue SNP Tah nt cl Se Sek, Peat Isl 499 mid. 
POE NISUCTA: 4-0 on hee Houpas hse sae BRS BEI: a AE a AR Piette NEL S HEE oe ue 5 496 bot. 
Anates immansudtae (wild GuGKs).. 5 ss. von Seba haw Oo ee wd ewe eee ee eS 481 top 


Animal incognitu repertim in Norico (unknown animal found in Noricum [former Roman 
Province now including most of Austria south of the Danube, and excluding Tirol]) 480 mid. 
Animantes subterraneae quae proprie & sint & dicantur (Subterranean animals, esp. 


what they are and what they are:said to: be) .... 0.4 cece ere r een eeeen 479 bot., 499 mid. 

fhese wittenveven dit lant. a. «ae geese es 2s eens wats «eS els oe 499 bot. 

INOse: WH VEIn CHORALE? ceoixte 3.4.9 xlaisip dn Vitek eas x anavdw acolo taal 4 eh GLa 500 bot. 
Animantium subterranearum tria genera (the three classes of subterranean animals)... .. 482 top 
Animantes omnes natura mutationem sentire (that all animals by nature perceive 

Thereneniee Orie MECC Pi Fre SU Saeed See lars tex yt ly salar ah xt 479 bot. 
Animantes quae in regionem e qua egressae sunt non reuertuntur (animals which 

do not return to the region Irom which they left). w2.....04 eek e ceu oe ee dew es 479, 480 top 

PELE EULER VAI aie sey wo hese sal datts dcaeen Gp Anion eect dae ete ak 480 bot., 481 top. 
Animantes frigoris aut caloris uitan di causa locum mutantes (animals that change 

ISGHtOn ToBVOId-HOLGr £OlO ls 2s ).ey a eee v Hinks ee ea Soh ats waco Gaal ed 481 top 
Animantes quae noctua uel interdiu in cauernis terrae delitescunt (animals that hide 

at night or during the day in caves in the earth)................0.. 482 top and following 
Animantes quae in terra latet aliquo anni tempore (animals which hide in the earth 

GUNNS a: CertAln SERSOT) oi cam x xc cae eld ey ecew teen 486 bot. and following up to p. 500 
ANSETOSAMIGARSUEL PEG REERE) |; Goan sNiety cals 2 Ree 2 ie wn oor whee SP hake a date aaa 481 top 
PET CAEL TIE) ih nih x Set saese Saleten wl aiad ot Shot ON aioe cb nang wie ath ed iste Seatpost nays 485 top 
BCE ORE) oni sce vigisk § and FP 2 OLA Dee ye GR bees Os snes ee 8S Oe oh 481 bot. 
Apodes.as well as Kupseior (bank swallOWs).... ¢ is4 vats ¢ oa cape ooh 6 ea Rn ewan 494 top 


Aquatilia quae aliqua anni parte se in coeno uel arena condunt (aquatic animals which 
bury themselves at a certain time of the year in mud or sand).................. 494 mid. 
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Aquila Northusae mortua (the eagle killed in Northusa) ..............00--00 02000. 480 mid. 
Aquila a lanio Dincelspyhelensi occisa (the eagle killed by the butcher of 

PEC GIS 9 TE LEMSUS 2 Xt. vncaas oN d Sere esemnein nav cheek Tea doavaiemry utes 2 adered ab wcduc 480 mid. 
ete irl (BAG SOM CT EN oy law uae ake. uence a aia Wk ees dao Gd Oba val # ole 493 bot. 
PORAUA ST dogih or acento We ER che Peay pied alpen bere 2 Mirra Siar Se wena iinet tae 495 bot. 
AUOE Aa CHECON) eo o2 denck Gre. sea Hey adlees te dighds a eas eh Booed oaere ee 481 top 
fee gicl 0) (ae, See ne ee ae 478 mid., 479 mid., 485 mid., 487 bot., 492 mid., 493 top, 498 top 
FS GENEN OL 0rst1 a OT Ba Sn eae aR EER ALM Mbt Cee Se a reve eer TS 486 top 
Arces subterraneae (subterranean citadels).............. 0000 eeeeuuunns 482 mid., bot. 
Ascalabus, askalabotes, and stellio (Beko)... 2% osc kid dau t oon ew dt ene ees Saa 493 mid. 
Ascarides (earthworm/pinworm/roundworm)...............c0cce eee eee 499 bot., 500 bot. 
Aselli rimis parietum occultantur (donkeys [Aselli] are hidden in cracks of walls). ..... 481 bot. 
Asellus (the hake fish hides itself during the summer months).................0.00 474 mid. 
Asio noctuae species (the appearance of the little horned owl) ..................-... 486 top 
Aspis, & eius genera (Aspis and the classes of this [asp, and its relatives {kinds}]) 497 mid., bot. 
PELL ACCESS PERN thes sack suse cn Kathsraistne SNca TR Spinning stra og MhESe APs FRE atnw eye SR 481 mid. 
Aves hyeme in cavis arboribus latetes (birds which hide in hollow trees during 

RR MLL 5 o ek Be Wee ie aa eG) ae eo, ON ee ce a, Te A$1 bot. 
FNS TEES 5d LN ITI gehen we svc aah dk eh i aioe a Selattly gate x" ere aaah WW ged a sate A 479 mid. 
Aves quaedam cur uerno tempore conspiciantur implumes (certain birds are seen 

Witnott Teathiers dirine te SHrine} «vess sins woten dee Had Hee Sols Soke die ee 482 top 
AVES HOcrPurmAG: (NOCIEAl GIEAS). 5 6 « aom.p 4 ens ss we ecagp ee 20S wpe ncgee.e ee we poeta eons 485 bot. 
Aurata aestiuis mensibus se condit (the gilthead [Aurata] hides itself during the 

SUITES AION US i ictnerce seecic mates gy eaten s wemde F aene diay. barge 4 naked lave Semone '< Aa Ravan 494 mid. 


Poet TSC ASIEN eye. ce ete gee alae ene soil 9. SE aah St gta ae grwes ni eel ants acing 498 bot. 
CHIE SIAC OS) nin quack «Wks id ea ce al) Hee eR ee ee es 495 bot. 
Blattae parietum rimis occultantur (cockroaches [Blattae] are hidden in cracks of walls). 481 bot. 
Boae ex natricum genere (boas of the class of water snakes) .............20 00 00a 497 mid. 
Brexas (tree frog [see definition in Animantivm nomina]) (brexas, rana)............. 495 mid. 
Pear ee 29a 5 Sek aha, nad ees ive ties mdr ated nya oA he eae 485 bot., 494 mid. 
Vr otba og Go) oI 11 ae ee Pee gee ee A een ee ee Sa Oe AK 494 mid. 
PEPER LE 5 OOVAC Nye se LL sad prot ah tice correo ent eo Toadions. A sinde or bk. AR yes abide ih agi SEER ne RE EE i 495 bot. 


(Canoe ERASE Ss UAVEE Cha) cs esueew-ebie se esta brw- das Re aiee Sweet sean apenas 5 496 top 
Calabrious: sérpens (Calabricatr State ye: . oa: aan sews dear andes eta ee ee Fee oe 497 top 
Caprem (deer [roeideer or wild she-goatlecs, «ia s cede wie a ota vae's ea We eR ES See 485 top 
Cassianus theologus (the theologian Cassianus)........... Som ig ateP tl speal beers. ANE cacao setts ae 499 top 
ISTO LC AER LAMEUII YD 5p ssioain oS Easisalte aces ye r0e ta ues bo AF Soe amg ote WTR X dee we eed 484 bot. 
RTO EIR op “Fasten BAe AP cp ltier ai OMe Wo ayrece- wp fee co Od LAREN Weed sere ps ANE ee tes Eh Ramone same 
Caucasus mons (Caucasus mctiitali)::, 22%. cn6« cum a vee PSRs eer A Ew we Rae» wae 482 mid. 
Causon quae & dipsas (Causoi and dipsas stiakes).... .26 2 ccc eee eae wee eee a Ses 496 bot. 


Caecula hyeme se condit in terra (blind snake buries [hides] itself in the earth) 
APUIVUTIE LEIS SLUICE nn 3s, ny. 53 pest ncleLd. «GEA of <n oe ole st cael eclnce altel o diee aad e See Ase 2 496 bot. 


130 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, No.9 


Cellae subterraneae (underground chambers [burrows]) ..... 2... 060.0 eee eee ee ees 482 mid. 
Cenchris serpens (Cenchris snake)... 2... 6.6. e cee cee eee ee eee eee ene eee es 498 mid. 
Centipeda quae & scolopedra (centipede and nereid worm) ........ 66. sss eee eee eee 494 top 
Cephi Aethiopici (Ethiopian goblet)... . 2.2.0.0... ee eee ee eee ee eens 480 mid. 
Céerastes (homed Snake)’: + sa5 ous sue fees Seas oe Vee awn dla eve ee 6 een 497 bot. 
CRPVUGTSIAE) os warn V ccurwabee | et oo Se eee ets Bee nk De Ree eee Oe A85 top 
Serb CSR ec. 5 5 hiane cagcars ean ecu sm, dea spebs ional al mess ea rSeanes £ eed Wind pie Sa eae 481 mid. 
CC HAPHEIEU Ty: itera 2 Hele ee OAS oes WW wet Margene YG BER g ie 3 poh age 4 eng te melee iets cp 49? mid. 

aura alitut Gs foutished by the wid)... o2. ccs ons ose wes eee ae ee ee 493 top 
Chemniiipera (Or Gnels) vs oo see oad ae ROSE HOS oe EMES LENE TRV ERs ¢ bared 483 top 
Chelydros: (VenonIOUs Walter SHAKE). ces «cae ene cae eae) eee kee koe bares RTS 497 bot. 
CGSTSUTOS (ATER SIGHE):  cascdie! cekh-s nin and When Fe rath J = wee ak WE ee & hinye obs 497 top 
CSIs 425. 9 asera AM x elas Exch PEIN G Vea wo PRE AOE ee tte e SR Ee 499 mid., 500 top 
CAGE: + sthinlse de ann nies SER > Hels Rao Speier Memes anhicet ain whos CR eee eo we 482 mid. 
Cleopatra aspidas ptyadas sibi admouit (applied the venomous asp to herself)......... 497 bot. 
Oleg ne iei-t Sate ES ce acceend avast arere acscace & moma Rousttaae, Rage Ripe eee AG Sas baw wane a4 496 bot. 
Coenobium subterraneum in Sedonis (underground monastery in Seduna)............ 482 mid. 
Corpus subterraneun (subterranium bodies and the classes of them).................. 479 top 
CLOIAIS GEAR GS EGE AN Enc) 5 iene «ender > tine este nearer seed emo eatin aU ibdes equ e gbat Seaas 481 top 
Corvus and purrohorax (tavern and TIVE SAVER) on. 5 0c 6 ascee 4 w 4 muarpd bodes Ree ke abo le 481 bot. 
Corvus piscis hybernis mensibus secondit (fish hides itself during the winter months) . . 494 mid. 
CONG GT s.5-4. ShAT easy & +d eb ESR EH OSS Hew area SF 4 SS ee eles td sees same 
A ESE ga ie tie Aa Ay a BS ee Se en geal ptea a earl ERR ct AR ORL Td Stes OE ut Neer noe same 
Cochleae cavaticae (cave-dwelling snails).............- 2.002: eee ee eee eee 499 bot., 501 top 
Coalubri Thetani comut: (Theban-lomed serpent)... v.08. oc. seas esas ree wee ees was 498 top 
Crabrones sylvestres (woodland Homey). .<. 4026s 6 044 6 HR 6 we Seek Ca @ es § deg VS 481 bot. 
CPOMCO EIS DEROCE ERIE Fit oes 4 Yese a) up Doli. pra MGs es cimecpsia ad av @-Ssanie Sumas a dems Gelder. punvale aoots 494 mid. 

insulam Ten tyritarum non adnatat (does not swim to the island of Tentyros)....... 495 top 
CHORIUSHOUCINIO) 9 ties aa dee ads eh, BIR SR od ee BY ole odes eB aa aS ee 481 bot. 
CUNTICAia: (REE) y ots RRS Bing Buel Yah ska debe atin yeaa Ae Cagk S caetey BUNS A483 mid. 
Cymbri (tribe: see also under K[appa])....... Ss ANOS Ae oe en Pe eg Be 480 top 

D 

Dame (antelope): «chun ods 2 oss See Pon'slaauace ke eae « 6 Sug wale see SAR, oie vee 2 le 485 top 
Dantisci bona pars vulgi sub terra habitat (The great part of the Dantiscan people 

ab cag Lala cs i atom oot 1d 1h Sa ae Me ep a oe aA ar l  e ee gr gh do Saat 483 top 
Daemones subterranei, & eorum du plex genus (subterranean demons and the 

EW ONGIRSHES OE THGI) c:2 asd en ee eu de ened dma-s sees eed ely Manip 501 bot., 502 top 
elvis: OLE: pore ellen ofemis amncon aaa ees Bane ee eerie WOES 4: ote eReRY wih 494 mid. 
Delphinus hostis crocodili (dolphin hostile to crocodiles) ........0..0.000 0000 ce eee eee 495 top 
POPC SC ON ets tush wees ¥ deny « scuttle wer Ay ala liiahateert «tele Cha ean gs Soa pended a enk et 478 top 
Dee eases Gai arate ee iy sea. yids ruses cto se rade saa ee none oe Rea +. phe GAN Hew Pi 496 mid. 
Domus in Armenia maiori quales (the types of large homes in Armenia)............. 482 mid. 
DIAC (OTABOR, an Se ds ceed ems aes Ree eels $ ieee s See wes wes eee ce eae dae 499 top 
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E 
Eleios Aristoteli glis dictus ([e/eios] called dormouse by Aristotle).................- 487 bot. 
Erinaceus hyeme in cavis arboribus se condit (Hedgehog buries [hides] itself in 
Piceroyyt Chee SEA Ee TALE see sy, aa, sass sane SO acad ie gered “a PlnseegSeortes Soaks eh 481 mid., 484 bot. 
OPIN ERE OU VIDOE Mos 4 55ers ern © wa an mA ane Shen aa anni BRGY 4 ara APR 496 top 
F 
liber [sic] = Fibe, & cius descriptio (beaver and its description)...................0. 484 top 
Fibri pelles & testes (hides and testicles of a beaver) ........... 0.0 cee cece eee eee 484 bot. 
BOY tea (eA S LER cy Su yal: Sale Stee EE Re JL ae near Sieeececmagcs ps Seals i: Shr ty hte oie a Wb 481 bot. 
Fossae Prentstine (Prenestameiennals)itue tcuwvues ved oo tie da Wie pe bans eae eer gees 483 top 
PUCT (CGO ting dit hve dy ¢ AS & Hata COE TANS Ses DHEA ae ERAS hte “paren aes trea iy ER 481 top 
Fulvius Hirpinus uiuaria gliribus in stituit (set up an enclosure for dormice).......... 488 mid. 
G 
Cra lt n Seb Get MEIOLE x. ghs bed 4: eenia chy oles as Deena UD A DWELe sec wk a neil, dda leet 481 top 
Geleotes, qui & stellio (gecko/lizard (geleotes and gecko) .............-20-02000055 493 mid. 
TRC HUB een hats to b8d Sate Fikes Shed Surg da wont a eee Stee 3 Dos we « ph BY meted 497 bot. 
Garecauae UIsela Ledle OF WEASEL) iessea « «Sew PLES aetdleaes wariw ene ale dee dee ea 489 mid. 
CTaNSuI (COMING LANNE MOUSE. cic. ai peed 74. ¥ ankid EES ane nai Ke eel ee ee ea 483 top 
Glaucus piscis hybernis mensibus se condit (fish hides itself during the winter months). 494 mid. 
Gis (AOrMOUSE). 6 wc games Gels Seek Mies Hae eee bene -oeas 481 mid., 488 top 
PITAL EAE AOI. dec Yy et Sry x Gl ty Teenie ea oh begins 1 RE W GU oe daa a ahi ek BORN 488 top 
Gothi ex Scandia in Sarmatiam & Daciam (Goths from Scandia moving to Sarmatia 
EET N:- EVERE YBa Saleen pcg Sateen A as Ne Ea IRA Hi a Dc tPA RE Biers WN alk Hekine wr vate 480 top 
Grues ab ultimis quasi terris in untimas discedunt (Cranes leave from the ends of the 
SAP GANS OLNEL SMe inn oie Wed t-ea a Veen deus p Urns ofp Ia ARS @ ayo Hele aaa 481 mid. 
Gryili domestici aprestes (savage native crickets)... ......< 2 cee eens fees she wee ee 493 bot. 
PEI IIUR I sccce eee PT oP eae MA tiie Matte eGR @ish ae EOTech healt esas 4a ware aera 495 bot. 
H 
Halcyones marinae, fluviatiles (marine kingfishers and river-dwelling).............. 485 mid. 
Hamester qui a quibusdam cricetus (hamster, which is called cricetus by some) ....... 490 mid. 
Hamestri appellatio in hominem uo racem apud Germanos (the name of hamster 
applied toa greedy man among the Germans), ...... o60 «ssa. nan cue eee dave ees 491 top 
HIACRIOIINGGS uae aon eae Woman 8 ees ee Re a weer: Bee cote a YR ee RY 8 498 top 
Fup aires PIsGiIs (OOS hy Gauteita ne Hom tes eee wr wud leeds HG ewe Ree teks 494 mid. 
Hirundines hyeme in loca tepidiora secedunt (swallows leave warm places during 
SIDR AVISED x Wht te Leh eee SIT a Ak tts ae PRD ge AA Sh on care tae Bs ope aes Anata Oia co al tee 494 mid. 
Hirundines ripariae, quae & apodes and kupseloi (bank-dwelling swallows, as well as 
Gpomey and EWOselO) sp cvaseies ese Seer $05. weit aN eee Eee aa e oa Ba ee eee 494 top 


Hystrix hybernis mensibus, ut Plinius scribit, in specus secedit: aestiuis: ut Albertus 
(The porcupine [hystrix], according to Pliny goes into caves during the winter months: 
accoraing to Albettisduring the SUMMER)... 65666 + cate. bed acey che See REA 491 top 
Hystricis:deseriptio: (Description of the porcupine) . ... 06 sek ce or ee ee ee een same 
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Hoeistsiticiad (HGenStGIN) cao aes ante eae les Gale sae vs agree ils wate me se ewe 483 top 
PROUT IS CPUGIMIGE Ds. oS as5 ci drane-ayaua’ 4 udse a oGpis bee aad Gs ey Baa ol oa PRED ach aed sais # ie 482 top 
Homines cauernas succedentes, qui ex eo Troglodytae (Humans go below into caves, 

which ware from [roslodyGs)%. .cnces os ee ece Hayne be Hees Hea wes bie poadele BB A492 mid. 
Homines sylvestres Scricfinniae (Woodland people from Scricfinnia) ........... 482, 486 mid. 
Hives (Water SHekey,.. gion ceew ses vom ne CES Oe eel 1 8 cee whi ere weed ee 497 top 


lactis sepperisiSpear Shake keaos 2 cue re). 3 paras TARY Bae tea es ee es ee 498 mid 
I aig weak chen eae Wea ens hee Willgts aaa iipute vin Paya aba aes Sam ieee lage as ote 485 top 
[bis Heery pte malta ADI), ie.o-ceesiane tes wong Que ened Caen ee «te pe oe 499 top 
LO AULD He WAS: LOMOIIEL LIME PRIEIBY: YF ac. cect Wiakomy, wr eevwceiy wen wel ie See SoA sagen e's Sas! means 480 mid. 
Ichneumon [mongoose] crocodilo inimicus (hostile to crocodiles). . 495 [act., 494-5] bot., 496 top 
(especially hostile to) aspidi (fo asps [VIper])< oa. v6 ved de dees ee wee wtiaes 497 bot. 
TIOFUR PRG ROU | ook... aaa alta Usados ple ee epliat POE RAL Het SRR eR, 481 top 
iktis, moustelas genus (the-class:of weasel)... 26<. cee guns Re Hee eae Ho See 489 mid. 


/ktoros pellis, proverbiu apud Germanos in vilissimum & maxime foetidum scortum 
(The pelt of the weasel, said among the Germans to be worthless and especially 
POMASHPE UIE) wey seis ancicle. GRR wee VE sR Se ES Fw ee OS the same, bottom 


PELL ERA LLOLel? ois 2 Lik pea Reh Sok E Sook Pe Hach aes CSTE, o mies tesmew aad Sp gale 495 mid. 
Kampsiouros, Latinis sciurus (squirrel, [in] Latin sciurus).......0.0.0.0. 0000 c eee A487 bot. 
Kikkaban, sonus quem ululae edunt (shriek owl, which they call ululae).............. 486 top 
Kobaloi, daemones hominum imitatores (demons that are imitators of humans) ........ 502 top 
Kupseloi, quae & apodes (bank swallows [in Greek] Kupse/oi, as well as apodes)...... 494 top 


L 


Lacerta Chalcidica quae & seps (the Chalcidican lizard as well as snake) ................ 492 
Lacerta hybernis mensibus in terra latet (the lizard hides in the earth during the 

sy Lal KiB Op ELC ge ar eee ee eee OL eC SORE SE A gid Fee Waly Teme A gh same 
Lacerta a stellione quomodo differat (the lizard differs in what way from the gecko) .. . 493 mid. 
Lace lara ates Vleet source esicw w, cesetn allacis eaten ree Ale elven Ace Aang 492 mid. 
Lamerta: viridis (reer (Band ys sees x ace o cals co se GR ee sherare oh w vias Bel ate s ee-o Us go wtiele clo same 
eats (EAE B ITM rpels isee mes stg Say Ga viva 9 BE ON, sete Bale OE SPIE Banko 485 mid. 
RTS RE Ves saeztane ghl saunders Lad pins See pam aad vata papaniowe eebay cette ori a ee pla same, top 
Locustae in Pannonias, Dacia & Lygios proximis annis involarunt (Locusts flew 

into, Panhoma,,.Daem and Tyee last Year) een aie Ge aol mug ees wd y mice ee A ote 480 mid. 
Lubeci bona pars vulgi sub terra habitat (good part of the Lubecian people lives 

PUINEMSE UNE ME Ole sc led Sry gcse vata edna garg ar ahi aire whanbne secditie ash el Cae Le Abe 483 top 
LATINAS oe oles 5 eign wher PCRS IE 0 BWielrcAgee 2 tits 2 Wo auel see arash 498 mid., 499 mid. 

PEIME MSU CETTE CISOEED ‘Am eae fs VSusaee hike gh Sndin Lorde ies peers asia lad eee dear 497 top 
Ane IG) CEA GRITS), ats dos auise Seb A-neces tetrad @ MELE at Ree Sind: Gees ee TAP 499 bot., 500 bot. 
PELE S SCV VILL tas alec neh sien «aha Pa Ais ae Py "aig? atch aati ate Mh Taba tnty el a % By 485 top 
Cops cereus: (lynx wWOIVerine i, «ck & cay do areV a ha peg wi eat ew ile ence le a eee Oe ae 483 mid. 


Lutra, & cius descriptio (otter and its description) ......0.......00000- 483 mid., 484 top, mid. 
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Py TANTO AO EEA 5 cc oh aeva Sh SY, Wil ee oe we Sine ctl alle ey ood Be 8) 488 top, 490 bot. 
PRICES GAIA = is Gio RR, 1-4 rieints pluie Mio Sade emis weadla See Donec: 483 mid, bot., 485 top 

caninus suillus (resembling a young pig) ........... 02. .00ceccceeveeceeeunns 485 top 
Melia (badsereiin -CONgrey . .xo.<cta-s imate s cue ween toatl’ u gigt wikard yee picbar € a8 ened same, mid, 
WE RVPUS COUN dies sige giae 4 none wlege elven 2 ei e aakyate Taare, oie omer wal mwncalrerenuenccg gf tvs echo ap 481 mid. 
Merilae (i MGk- Birds «paced cas. a2 5 900d eters eae soe eH GbE coke a Ha Se 8 same, bot., 494 mid. 
DviGoue Ds ONS CM TASSOTISiT hos, aise, oivaras shay x! pa Ech oc kee aut aad x Aiba clea we dob wd 494 mid. 
Molge Graeco nomine Germanis, quae salamandra (salamander, by the Greek 

(ate TEOUD Hest TOETATIS) 6.41, casig lv Sod. teh mausep ile ole SenGeig Mende py ecehe wRGER aelbcalnly oY 493 mid. 
Motourides ranae (radpole/polly woe). so aci.% <i x dare wuen ik chen ge Wat Se eee 495 bot. 
Multipeda & millipeda, quae & scolopendra (multipede and millipede, as well as centipede 

a Worm AAU A decs sist afte Tegmlldes. ave clade: Vache \vatnie 1 stand A high beet Ri ase: Sahl ke eatas heeds te 494 top 
Murena hybernis mensibus se condit (moray eel hides itself during winter months)... same, mid. 
DO aSe: Peta TERURGS A ak OTING INITIO Jer esac 4 apes she ATE Wa ctiel ee o. ocgeeccna aden ol aeelye utes Ih 486 bot., 487 top 
DU CRETE ROT SOUS. oP Boe Bang sa-q'a Ata al atece Wah len, and ls wel wo itll ee ated an 8 496 top 
Mus araneus , qui & mugale (shrew mouse as well as mugale)... 0... 0. eee 489 top 
Wits laSSrenis CLASSIGiat MOMSEN ones "Goad scesack ares. of oreo SAME ins ao aSktw aes Gee tik. taal § 488 mid. 
Wiis NariGis iy GEWRROGOREI 55. sr. seh 2 Fiske lela ethan alee ey» ba eleian goete a8 488 mid. 
Mis -Pannonicic (Panigmican nous, a0 snake keoes du Miyee acter ely Saw Seta ee EE same 
Mis Pontious:(lack Sea mie@nseh. oe. o. cscne ene walk Mae cemme «ew Bele eo Cad wale woes 481 bot. 
DAS SOU POS POOTAG TSE). « oc.3 Se-+ ekdareereeme 0 Eats “Wet i & eel l ane Ls Gee 487 bot. 
Niiis SyIVESES (OO INOUSO).. cnc: cum eieepew ocala Ha a eee ee Fn be es Bowe et 488 bot. 
Mus subterraneus, qui & agrestis (subterrancan mouse, that and country mouse) ....... 500 top 
Mustela quae proprie ga/e (weasel which ts especially known as gale) .............5 489 mid. 

TRIES TASC AAAS EOE Wc. ne Beltre ene ha se wm: aren ah eaccy ee lees fn BREE Ele ee am Se IEE 

quae martes ibidem (which is known as marten). ....... 0.00 cece eee eee eee same, bottom 

quae Germanis zobela (which 1s zobela in German)... 6... 666 oe ante be a wie eas 490 top 


Mustelarum virus basilisco exitio (venom of weasels as the destruction of basilisks)....498 bot. 


N 


Natrix hyeme in cava terrae ingreditur (water snake) goes into hollows in the earth 


SUISSE EY atlas ape aa 4 ie a MY nes org eaten Set lave GUShet an Satna ga Se: Jigs? 497 top 
cine poneta ibid: (elasses oF Has aiimial):.".... «ipl slate 04 awe ern tone awe wee le Sree same 
Valea tra. gare oo puke + ciate eae aaeeaenceunnel ay 493 mid., 495 bot., 496 bot., 497 bot., 498 mid. 
PE PTSHeTSUS (ON GCIZOR) 2 is dts aes hs lc a RW GG pak ed ge w brew Rawat 496 mid. 
NifcHESAMOMHOUNEY « aus con See ete tind. stare lyy Peet Geers Sous Sop kn. veoh ee 
TG go Dat) 4 a ? hee nee ee ee ew epi See Te Oe eee reer 490 mid. 
PSTD TEL Ee OLY ox why eet eg “tle ashautanig a ekateene ag SU a Lehn Sedat Seewe 485 bot., 486 top, 494 mid. 
Noetuarant eenera {kinds ‘of nocturnal antiials)..~ ua cele oir elsiie ol alee apie ct Moe mele 486 top 
RV CIOO IAN GNIS DE TAMENN... x ahve ds dan O etp eer ke oe hans pene =e eth 485 bot., 486 top 


Ee STN Fs aa tiv ad oi Shae cist Melia eer aas “at nse ae oh se Scarce sd arte 481 top 
Mrawrotalus (HECHT pia ou said sae dae aS edges HRS we walle Woe Bid ake ee + Gee same, mid, 
SSS HMIREILY Scny <p eae shale te ae aoe he we lrbea aad chee ya «arate ata hintonls om Got 8 478 mid. 
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Orphus piscis hybernis mensibus se condit (sea perch hides itself during winter months) 478 mid. 


Ary NUIESE PVN pclae cron PRE eX ridin top esol sank coldest PARED dats catia ceo et ga ee loins Pera eee ey ect ge same 
Ova serpentium in ignem coniecta flammam restinguere (eggs of snakes thrown 

nit Tire te"extingwish the Mame ws iii. ae Bake hs el ede a asia ca oe ww 495 bot. 

P 

PaMIMBES CWGOd PIBCONS) as 6 tts a Fates & Had EN Sie SRS ee es Bewe a A481 bot., 494 mid. 
PECL OR ASCOT ice vias ae « o2e eke edl elect osm Konbea meg Sg aa «Dll, ae athey essa ah ed FakeP avert Ae 494 mid. 
PERL, Me 5.2) 5 osprch emaaatlit Wied fa, nPAinian ge nk eee Nyaa e PMc Eerelane ve wees eeall-a-ealyieae abet aan cio" eat ae same 
PSUR TAREE ci ae cenyen dePecte i ag oe Spange lortata aot Mise aublnn Soba SSLIL WAU Pe cited setts a 481 mid. 


Perfaru réges hyberno tempore Babylone, verno Susis, aestivo in Ecbatanis degebant 
(Kings of Persia spending the winter in Babylon, the spring in Sufi, and the 


SUT OE TUNE RAEN asf e carcatcaus o acle-® aeolian empsek vara aes hats Rugeadn Andale eek 480 bot. 
ET TO ANN ON Cay sta Fak Dy ig Sia Mia Uae deh. oSatSER SE Speke inch cer" Fage Ee OF edd rama We Tee 500 top 
FRrunGs, TAA PUDBIAHIOAR) «eee ie on cone Bonen evita by VSPA ale bee anx seep ener cate ARN wa 495 bot. 
REGIS (QUOD POORER oc: cen Mictad as turac< ayy sais nee a Ttaeiecmeiee ype rena cRSERS ein! a Shere 0H 481 bot. 
Pisces vitandi caloris & frigoris gratia mutant locum (Fish change location to avoid 

CU Ot HERE) ha ar ean GE Pe SE Sat 4 ORE va RRR ERG ee eG 5 same, mid., bot. 
Bin@Gs Topsites (Poe st tet) LISUK «varia. o. neue en du¥ do, wut! ace wrx Sams atw Ceol + wes laguundl ews o tes 501 mid., bot. 
Plabyceros, (wide-Hopmed SAO). |) 25.0 + gee rts a weedy anes a edene plese» eee ee wed le ews 485 top 
Plinnius (Pliny)... 06 nc ee cece 478 mid., 480 mid., 485 top, 488 mid., 494 mid., 497 mid., bot., 

Rides 4 Nica ates ee caer sees wee alk asin wre 498 top, bot., 499 bot., 500 bot., 501 top 

FOPPSRENSiS LENMEIZEMY 4c bay uaa Pane willenwelen sang Seayodeeslidy & + 495 mid., bot., 496 mid. 
POU DIt Poni 2 eins: Bid Oak WRN Barat chlen dl are AiG ie WES ES Dats kagtacea atl ot iain a 501 mid. 
PNG ered so ke Cerbutcalas 1s) sade adinka eacace auAealatiniuan Sepvlesss ncehers wR Ste RINE weil d SPRAY oe 478 mid. 
PORpi Vets Serpe (EOP bY Tas nok 12 ois. <li ciara sucks me: &-silbew. nei ns, Ereun's sahe Foe te ete a4 498 mid. 
Prester a dipsade differt (A waterspout differs from a snake)...................00-. 496 bot. 
Prenestinae fossae (Praenestine ditches [trenches; mines]) ..................0.0000 483 top 
Pe iiielehed ous: 25m cade G GeeAe aie Ss 4. ath SUN@G Shona Sa oa ae heb ene a x earns Fn es 494 mid. 
CUDA: 25 rhs EN eee ed, a Nini yachts Dace cad cabs, So 5Sot acerca ln alle aterme GAUL S aaste eure ive aed 502 top 
Psyllorum olfactu serpentes fugantur (snakes are put to flight by the scent of 

LR ALL GER e dy hve arse Cpscmadee Geemans Wesel Melee 2 anf SAGES RI “ata A 4 eect el 495 mid. 
Pufhardum (Pufhard in Thuringia) [now Buchfart]............00.0.0 000.0000. 00 eee 482 bot. 
Purpuaipurple murex: parle sail). s2....seec eee ees tS YEE Sateen We abies Sale a OSS 494 mid. 
Purigonoi, bestiolae (Fite-born insects), . 4. 6. 0. . ea ee ea Fea ote wea Sea ee eaes 499 mid. 

Q 
COPE TeIRIG CE OTIS ty: 3 Sepnid evap tesla sala tee tell ao Peasd onde “a gap eau ue a ade olan a Abs! winch ubde'® snd 481 mid. 
R 

enie iacate i as Vey SINR Patani, FS ned, aby REP gearsfee gl Se ail ck Bea 494 mid. 
Ranarum diversa genera (different kinds of frogs)...........0.0 00000 ce cece eee 495 mid., bot. 
BE aIEA PRUIOER | AGL IS, an stent auins an tq 27 din oc gt ite Sa anlage pec Pome aid: a ates olin 
Rana quae kalamite (frog [Latin] as well as frog [Greek]).............0...000005. same, mid. 
Ranae temporatiae (pure trae) eis. ahs bdise von PM EE See cue w Pe cst w OND Eales ae RS same 


Rana venenata. (pOmSOD TOG) on. + vars ska wre hase oes w ae eRe AEE os ER 499 bot., 500 top, mid. 
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Renum doloris medicamétii (a cure for kidney disease). ..........00. 000 cece cece ee 485 mid. 
Fe/H SSL ATTA PUR URINE) Co plop ation as alot sorta ndtwce dw ol e Sle yee bs gall GIRO tok ted 482 mid. 
RU ECa Pi Cen OUTICRIN CAL) oes 5 hh wk Dakss ewe y. Ree Ms Bs ene welt Hoe ooeeed cane eae 485 top 


Sal inimicus lacertae aquatili (salt hostile to water lizards). .........0.0..0000 000 ee 492 mid. 
Salamandra, quae Germanis Graeco nomine molge (Salamander, which is named mo/ge in Greek 

OO pie Cre Linea noe akly, Bi iene 5 SRO ee we yy Be) Sel a eee 493 mid., bot. 
ee een ta) Oe he ae are Ie mee as eel re a aa, to, Ue oe 481 mid. 
Poel 2s 1d 1 Ce ME Se ee TR Le eee Pe ee Recs OL ek, ne ee 480 top, 482 mid. 
pcaraberrutih (red scarab: (beetle) x22 ces Als oes vere S S3e a hs Soe is Sb ho ee 493 bot. 
Scolopenain (ecMupede), » > 54 newricet dd i Ree a ate ERE EA Vb ct TO REE sd Reet eS same 
Scricfiniae sylvestres homines (Woodland men of Scricfinnia).................0.0. 482 mid. 
PORTE RG MUTCD SIGRID a conti stertndicains Fdbaiu aramereanasa statin, Mame ecaceaasend eee! s, anak, +_so ee or 496 bot. 
SHIOHFOS (OOUIIOUSE io. 5 inna dcr ee Se + ae ea as Mises Rais ate’ ee ke 487 bot. 
EHC OH au iia saver eee aatate ed B othe-e ey vB SOs bate TWO IE OEE Me paeee Lees 501 bot. 
SEPedGu-tslek el ki cakes. da nee be WADE mobs cate Pee meats tat toe tte 498 mid. 
Seps seu lacerta Chalcidica (Seps, or Chalcidican lizard) ..................-2-2-0005 492 top 
Serpentes hyeme latentes (snakes hiding during the winter)....................496 top, mid. 
Serpens Calabrious: (Calabricatgnake)y 5 cass een 4 ees orate oes w awe sealers Yee 497 top 
ELM IGN wai nygee F GBs Vath Rates & tothe ae. pee Sek Suen Oise eek PEGI Se Re es 500 top 
SOres (SRPOWANOUSE oneness Soren eke etaee oguee whe w Dbl hs o Nis FMR Ee see Ree 488 mid. 
Spondylis-vermis (Mussel worm): . wns 5 hu 6 cea cnt epee qa e soe oe ae 8 tee 499 bot., 500 mid. 
ESTA OIG). 5 ose n Stone sae es et ain of Mien Ae BR Ua REN a ded spe nae wee 4 493 mid. 
PO Gnt StU CMT SE, infos ie Bis wena Ace ee eas Aes Gal aA bole ewe hi Poche meer 481 mid. 
Sloe SEATON) 2 a o4-oa te eo eS i Mee een bean B84 BEN Ss OE RS 481 bot., 494 mid. 
Subterraneum corpus, & eius divisio (Underground bodies and their classification) ..... 479 top 
Sibyllae Cumeae antrum (The cave of the Cumaean Sibyl)...................50056, 482 mid. 

T 

Papal}. 5). Viernes wee ae thal al ora aes 5 tie waneteutey oe SiMe bene Ae oe 499 bot. 
PArANdTas (SMASSL) shew! cata Sate lose Ae SAY tee Bie et Bg ERE is oe ate ws 485 top 
Tenedi insulae piscatores rupiti specubus pro domibus uttitur ({the way in which] fish 

on the island of Tenedos use holes in rocks for homes) ............ 0.000000 e ee 482 mid. 
DEENA Perel aa Ree sledettn 4 sunreedy Ray ec cate + tama eup Re . Baga cps Muon acgthenls aiered deena Paabea ac oats 495 top 
TeredOa rtrd WOT: ers sari ese Ree 4 Hast ge eee tao ee bakes FAs a ogee BEE 499 mid. 
Terrarium quasdam oras onera, quibus premuntur in alias saepe deponere (Burdens 

which press certain countries of the earth are often lifted onto others) ....... 480 top., mid. 
TRU RONES OU AIREY case tr le spas Puke olalv dl eodia Sagi 2 FRG RRS CRS MY WR oR aL 481 mid. 
Deereees Ae LONT APMED pay 2.5 ores Saws aan alee means elena avid © Gels, wae pon pagers ie 480 top 
Thebani-cotuba (Toebanvsements) <6 «eins 1205S 4 nae eA ole OR CS mele Gene 498 top 
"TBGO PR BIBOIS: D2. 3 warn ahha Shae crea Fost be I a les 2 te ew BT eed 478 top, 501 top, bot. 

reprehensus de piscibus subterraneis (criticized concerning subterranean fish)...... 501 top 
Teswido terresi19 Cl andl TOMOISE. ss 5 we «dak eared ey Slaten Sele ene obey Sy = Howe alle e 493 bot. 
Peames Cr LISA as. « aus bs cuore sp awe ace aces a a ee | ee 8 481 mid., 486 mid. 


Treapelaphis (wild anton antelope) oie. « scice coe, otf > sang wees Shin ease Dm e's ms Sree ee a 485 top 
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TED ytaes. 5 rpc eke} lee en 5d hae mae ebay Ee ye gE Sone area wa eae STE 482 mid., 486 mid 
Trochilos crocodilo dentes & fauces repurgat (The Egyptian plover [trochilos] cleans 

the teeth. and thtoatiof-a GYOCOMILE yo. ance c essen KAR 2 03 HG POSE seme GP ethye a 494 bot. 
thi aiaemones ( Firvllan: clemirs Pj o-oo 5-8 ecco Se ee in nes Ae pe mele peep eR yee Sa 502 bot. 
ETS HELENS oer an si Paes 'x1s rmencccecca ye as 5-4 able rinse. > Baka ee A Heo WTO! Kp 481 bot., 494 mid. 
"Furdes piseis (ereet Waste iis «wea ey eons hie VY kee be Hed a ee ee ee 494 mid. 
Turtures hyeme in cavernis montium latent (Turtle-doves hide in caves of mountains 

ERISA eral oe sh phy 50g Gee Ret SIN ce sce Cag deste a alte a we HO Rs 481 bot., 494 mid. 
Tuphiinas, tupkitiops- (blind SHake)— 15. st ssveas & a ee ee eet ote Mee 3 496 bot. 


DF Nace tas Seat ord ec- sacha x “sewn enki aes "aceon is tenable eee ple eo eck 485 mid., 486 top, 488 top 
Vermis quadrupes in Maio natus (The four-legged worm born in May).............-. 494 bot. 
TSEC GE BEES aie So, nyo Bemis choo mus adie. ey anatase alae 8 485 bot., 486 top, mid., 494 mid. 
VER DOS LSRUSTIGN ts" ey owscmtpns Ohta: oer ae sabe Cele 1 ehes Pee rae idcht Gh 481 bot. 
Vipera quae echidne (viper also called echidna)... 2... ec ee cess 496 top, mid. 
AEN COMED | 3.50, a4g:8 w Peplatay a4 dec heresy icy. eat al ME a bee ele ecplee 497 top, 500 top 
Visela quae.cale (weasel also-called orgie). oige occce eles Sse a nace Boe wR Pe eles 88 489 mid. 
SEVOHD EERE as: ati san Se eieteneds ss toe Wokt ee cna dle S\GaE ST coe rs aber oak Acie bnober a 490 mid. 
Viula [Ulua] (Sereech [or tawny] Owl)... 0 6. ews cee eee enews 485 bot., 486 top, 494, mid. 
Volucres quae hyeme se condunt in terra (birds that hide themselves in the earth 

dunia tie witter [inchollows:Or tees |)5:. s/c «spe cake WA bade ie WR . 494 mid. 
Vornéla-Chenmimitis; haar led polesat)., «5 5-..2). fee conte oe thce 9 Age mew tue ew wea gees ed 491 top 
Pup ae AI | COCO) beso mh s-aactcdia aot Sd we serene ale Memaba As Gk mena 481 bot., 494 mid. 
TESS: ess bee [REA aca oh Sw Me a Rear lice cae Deals hw why She me elnws Spiele Ds 491 mid., bot. 
SPUDL TOR CEN, Flee Lecce weet mid amas de wyeesn alta tlh a lerattelts elev! ahead a aioe anry Ala comes. meds ad 483 top, mid., bot. 
WL? (WATE ees ane ay, hat bo stat Gate ee ee he aaah alle ee a yin patina glee 481 top 

> 4 
POOPIE, «05 Spee ahi oaks ape lla Karel fa ania tthe Wea ve Sad tte ea PRS nae ater eed «gear, 482 mid. 
Z 

Zobela mustelae species (The sable species of weasel). ...............0.0.2055 490 top, mid. 


The end of the index on subterranean animals. 
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GEORGII AGRICOLAE 


DEREMETALLICA LIBRI XII> QVIz 
bus Officia, Inftrumenta, Machin , acomnia denigg ad Metalliz 
cam {pectantia, non modo luculentiffime defcribuntur, fed & per 
effigies, {uis locis infertas , adiunctis Latinis, Germanicisdg appelz 
lationibus ita ob oculos ponuntur, ut clarius tradinon poffint, 


B © Me Se: oe SB A 


DE ANIMANTIBVS SVBTERRANEIS Liber,ab Autoreres 
cognitus;cum Indicibus diuerfis, quicquid in opere tractatum eft, 
pulchré demonftrantibus, 


BASILEAE M> D> LVI» 


Cum PriuilegioImperatorisinannos v. 
& Galliarum Regis ad Sexennium. 
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LIBER DVODECIAMVS, A777 


SCRIPTORVM, QVORVM INVEN=z 


tis author in fequenti De animantibus fubterraneis libro ufus, 
& ad hanc experientiam excitatus eft, 
CATALOGYVS, 


Allianus Lucanus 
Albertus 
AlexanderAphros Martialis 
_ dienfis 
Ammonius Nicander 
Aratus 
Ariftoteles 
Ariftophanes Oppianus 
Athenzus QOuidius 
Caffianus Theologus 
Charifius Plautus 
Cicero Plinius 
Columella Pfellus 
Corn, Tacitus 

Seneca 
Diofcorides Seruius 

Strabo 
Galenus 

Theophraftus 
Homerus Varro 
Horatius Virgilius 
lornandes Xenophon 


GEORGIVS 
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gio Fabricio $3 PF. OD, 


Vanquam duoslibros de ftirpibus {eripfit Ariftoteles , ramen 
ijs Theophraftum difcipulum non deterruit, quo minus fuam 
Qs deijf{dem ftirpibus fentétiam multis libris explicaret , Necipfe 
Theophraltus tanta {cientia, tantagg copia ftudium Diofcoris 
dis ardoremg reftinxit: fed etiam is pofteritati feruiés quarunz 
dam arborumacherbart figuras & uires , longo atcg multoufu perceptas, 
literis memoria mandauit, Male enim {e habuilfent ftudia, fi etate inferi 
oribusad ea que a maioribus erantinuenta, nihil addere licuiffer: certe fi 
Greeci hanclegem iniquam queues accepiffent, hulla ars, nulla fcientia, 
nulla difciptina poruiffer perfici. Quapropter etfi Ariftoteles libros comz 
plures edidit,in quibus animantium naturas,partes,ortus,ratione & uia eft 
perfecutus:tamen philofophia deditos auocare nec uoluit,nec debuit,a ftu 
dio cum perquirendi pofteriss prodendi naturas earum animantiu,de qui 
bus parum aut nihil {cripfit: tum cractandilocos,quos in 1s libris non fatis 
expreflit.Jracy etidapud Grecos Oppianus f{cripfit de pifcibus,de animanz 
tium nani Poeaheelne & A‘lianus: apud Latinos item de pifcibus Ouidi 
us,de omnibus feré animantibus Plinius,Quos {criptores ego fecutus cum 
res fubterraneas, que anima carent, expofuiffem pluribus libris, ut rationé 
inftitutam,quoad fieri poffet,abfoluerem,animantes etiam defcripfi fubter 
raneas:nec eas modo qu perpetuo feré uerfantur in terra, fed eas Gy que 
certis anni temporibus in eadem folentlatere. Quo fanémodo & beftiariz 
quarundam formas Ariftoreli & altjs uel incognitas , uel parum expreflas, 
& illius locum de animantibus, que hybernis ft condunt menfibus, uolui 
latius explicare, Hunclibrum fi probauero tibi, qui Latinis & Gracis liz 
teris in primis eruditus,animantium naturas {crutaris,& iam multarum coz 
nitionem cepifti,eum facilius,ut {pero,ceteris quiitem rerum occultarum 
Rudio delectantur,probabo, Wale Kempniaij,t Idus Aug.Anno 


M. D. XLVIII, 
GEORGII 
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{ubterraneis Liber,ab autore recognitus, 


9 


PAorP vs fubterraneum, utres ipfa demonftrat, in 
tal) animatum diftribuitur,& inanimati: quod autem 
¥ animi expers eft, rurfus diuiditur in id, quod fua 
{ponte erumpit ex terra,& in id,quod ex eadem ef 
jap A foditur, De altero inanimi genere dixi in quatuor 
7 libris De natura corum que effluitt ex terra inferi 
4| ptis,dealtero indecem Denatura foflilit: nivcde 
P| {ubterraneis animantibus dica. Cum uero genus 
| e animantiu omne conftet ex quatuor elementis, 8 
corpus humidwac ficcu,id eft aqua & terra, ad accipiendii apta fint, necefle 
eft ca ipfa duo elementa animantium materia efle. Ex quo rurfus illud quas 
dam nature neceflitate confequitur,ut omneanimal & in aqua uel terra giz 
gnatur,& in cis comoretur atg uita fruatur.Nam beftia uolucres, &fi pala 
fim per aerem uolitant,tamen in terra,uel in ftirpibus ex ea natis,uel in adiz 
ficrjs fuper ipfam collocatis, conftrutt nidos, & eis aut terra autaqua cibos 
fuppeditat. Vt enim uerum fit quod perhibent,aues raras illas,& non aded 
magnas, quarum pennas longas, & coiore luteo dilutiore {plendentes, rex 
Turcarum in fuperiore parte coronz , multis gemmis preciofis ornate ges 
ftat,in acre perpetuum uit curfum tenere,foeminam ouis quz parit, fuper 
dorfum maris finuatum, locatis uentre item finuato incubare,& pullos ex 
cludere,neutram uiuam unquam pedibus breuiflimis, & in plumarecondi 
tis terram attingere,tameé folo aere nec ali uidentur poffe,nec augefcere, fed 
his quibus uefcuntur.Acuero etia beftiolx,qua avphyove, propterea quod 
in terreno iftiigni gignttur,a Gracis nominantur, terra & aquanon carét: 
gionttur auitut Ariftoteles {cribit,in his Cyprifornacibus, in quibus lapis 
ecrarius multos dies crematur:atqs magnis mufcis paulo maiores funt & 
fubalate.[n igniambulant & falivnt, fed emorititur quam primum ab eo di 
mot fucrint. Animantium aut partim,tametfi latere foleant,n6 fubeit ters 
ra rimas,nec foramina,nec {peluncas:qua in fubterranearum numero non 
{unt:partim no¢tu,aut interdiu fubterraneas {uccedut caucrnas,partim cers 
tu anni tempore: quart utraque eo ipfo diei uel anni tempore fubterranex 
funt,atcp dici poffunt:partim feré perpetuo occultein rerralatentiqua fubs 
terrane & femper funt,& proprie dicuntur, Vt autem res expreflior & ilz 
luftrior fiat,paulo altius ordiar, Quoniam animantes omnes natura mutati 
ones temporum fentiunt,plerecp frigoris aut caloris uitandi caufa, oe 
onem,locumue mutant:uel ingrediuntur in domicilia,aut arbores exefas 
excauatas:uel fubeunt ete atta alit qua regioncm mutant,alia femel 
egrefla nunquam reuertuntur,alia reuertuntur:nunquam redire folent ras 
tionis participes,hoc eft homines,Etenim hinon modo frigoris aut iets 
uitan 
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uitandi caufa alibi fedem collocant,uerum etiam ex regionibus macris & ni 
hil ferentibus migrantin opimas & ferciles:uel cum tanta multitudo fuerit 
orta,quantam non fatis cOmode alit regio , partimalio ad habitandum cut, 
Quo fané modo alia ora parsqp terraru onus, quo premitur,in alia faepe dez 
ponit:quibus de caufis Scandia,peninfularum omnium maxima, olim maz 
nam GukGenth copiam una cum coniugibus & liberis effudit in Sarmati 
am & Daciam,Cymbros uero et Teutones,ex ultimis Gallix Belgicz oris, 
in quas ¢ Germania cOmigrarunt, maris inundationes exegerunt, Ereedé 
ac terra motus at eruptionesigniu & aquarum calidarum effufiones ex 
naria colonos,quos Hiero tyrannus Syracufanus eo miferat. Atap his fez 
ré de caufis gentes aut uicte ab his que migrarunt, expelluncur & eijciunz 
tur ex proprijs fedibusac poffeffionibus,uiciffimg etiam ipfe in alienas irz 
ruunt & eas occupantiaut fubactx & bello domite uidtricibus feruitt: aur 
tam uicte quam uictrices comuni conditione libertatis eandem regionem 
obtinent,Simili modo animantes rationis expertes,maxime uolucres,ex re 
gionibus in quibus & natz funt & uiuere coniueuerunt, nunquam redituz 
rx in exteras fe conferut: etfi rarius, Quo pacto ab hincannos fex, locuftz, 
dire herbarum,leguminit,,fegetum,ftirpium,quas ua{tant,peftes,sregatim 
inuolaruntin Pannonias,in Daciam, in ueterem regionem Marcomannos 
rum,Lygiorum@: ut quondam etiam fepe ex Africa in alias Europz oras, 
Quin ut interdum unicus homo in longinquas i Sy abit, necrediruns 
quam, ita unum folitanimal: quo modo annos abhinc propé uiginti in No 
rico captum eft animal canis uillis ueftitum:cuius,ut cephi A:thiopici, prio 
tibus pedibus fimilitudo eratcum humanis manibus: pofterioribus cum 
humanis pedibus.Et Alberti cognomento nee temporibusin Slauorit 
{yluis cOprehenf funt animantes dux,mas & cemina,quarum pedes prio 
res item erant fimiles manib.humanis:pofteriores pedibus humanis:eas ue 
ro ipfe putauit effein fimiartt genere.Acibim Agyptiain Alpibus 4 Marz 
co Egnatio Caluino prefecto uifam Plin. memoriz prodidit. Aquila Gg 
Northufz in Toringia,qui ibi confenuiffet,smortuam {cimus.Hoc etia anz 
no,qui eft octauus & uicefimus imperij Caroli quinti, lanius quidam Dyn 
celfpyhelenfisaquilam profligatam occidit,& quafi donum fenatui attulit: 
que aquila in eum in equo fedentem, pridie Epiphaniz prope Rotelin ops 
pidum impetu tam uiolento inuolauit,utnon procul abeffer 4 periculo uiz 
ta.Bodem modo uerifimile eft aliquos etiam pifces, cum {emel reliquerunt 
mare,in fluuios, qui perlonginquas regiones Auuntingredi, & nunquain 
idemredire. Hactenus de generibus animantium dixi, que in regionem 
é qua egreff funt, non reuertuntur : nunc dicam de his que reverti folent: 
qua & exdé {unt,& eadem feré de caufa,caloris {cilicet uel frigoris uitandi, 
a regione,cuius incolz funt,femigrant:8¢ quidé eftare in locis frigidis, hye 
me in tepidis morantur.Etenim homines qui ualetudini dant operam,uttu 
eri fe poffint a calore,in zftiuis funtrur a frigore,in hybernis: qui mos in pri 
mis fui Romanis. Ata etiam reges et domini multarum gentium eftate in 
alias terras abeunt,in alias hyeme:nam reges Perfarum olim hyberno temz 
pore Babylone degebant,uerno Sufis, aftiuo in Ecbatanis. Eadem modo 
beltiz 


144 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, No.9 


SVBTERRANEITS. 481 


beftix uolucres & aquatiles fol murant & fecedunt:quaritaliz in his ipfis 
regionibus &locis,in quibus uum agere confueuerunt, refrigerationem 
in aftate, inhyeme teporem folent perfequialia in longinquis & ultimis, 
Ac feré uolant,natant,eunt ad habitandum in locis, in quibus aer ita fictem 
peratus,utcibos ferat uel fuggerat; quorum nafcendi facultatem eis adimit 
terra,quando frigore obriguit,uel calore cxaruit:aqua eos non fuppeditat, 
quando coglaciauit, Aues cnim quedam aftiuo tempore in fyluis,hyemas 
liad horrea & tecta plerung3 cGmorantur:ut pica, cornix,lurida, quam ixe 
répop Greci,Latini pine eae queedam cum eftate 2uum agantin 
fyluis,hyeme demigrant in finitimos locos apricos,montium receflus fecus 
tx: ficuti uultures,milui,fturni,turdi,merula,palumbes, upupz, Aquatiles 
ctiam uolucres temporibus hybernis fe conferuntad lacus & fluuios,in aus 
{tri partibus ficos,qui frigore non congelant:aut ad aliquam Huminum par 
tem,cui aquanon conglaciat; urardcolx,mergi,corui aquatici,onocrotali, 
fulica,anates immanfucte,querquedule;quada ab ultimis quafi terris dif 
cedirrin ultimas‘ueluti grues., Etrenim,quod Ariftoteles tradi, ex Scythie 
campis proficifcuntur ad paludes A'gypto fuperiores, unde Nilus proflus 
it. Abeunt ctiam longius olores,ciconiz , immanfueti anferes , Pauce uero 
aucs hyeme in fyluis manent,ut tetraones,attagenes: minus multe in 5 ae 
quarum in numero {unt perdices, Item pifcium ali,ut uitare poffint folis ca 
lores,aftate de litore abeuntin altum: & contra,ut confectari queant tepo 
rem,confequenti tempore ex alto,in quo fe merferant,emergunt, acin litoz 
re uerfanturzueluti delphini:al ex mari ingrediutur in mare, ut thynnihye 
berno tempore ex Ponto in magnum mare:& contra uerno ex magno mag 
riin Pontum.Alij eodem tempore in fluuios,uifalmones,thyni, {turiones, 

Atqs he animantes fubterranez dicinon poflunt; utneculle alia que 
terrae cauernas non fuccedunt: etiam fi frigoris uitadi caufa hybernis menfi 
bus,caloris xftiuis occultentur & lateant; quales {untin hominum genere 
qui multi frigidas aut calidas regiones habitant:nam quiillas hyberno tem 
pore, qui has eftiuo in domibus latent,in quadrupedi genere erinaceishye 
me enim fe conduntin cauas arbores,in quas autumno poma cOportarunt. 
Similiter glires & murcs Pontici,acferpentes quida fe conduntin cauas are 
bores:fed hi ipfi maxima cx parte, ut poftea dica,faxortt cauernas fucceditr, 
Queda etia blatte & afella rimis pariett & domorum latebris occultans 
tur.Formice quogs conduturin aceruis,in a cogerendis uere & eta 
te multum opera & laboris confumpferut, Apes item domeftica hyemein 
orediuntur inalucos, fylueftres autin cauaarborum,autin terra caucrnas, 
aut in parictinas:crabrones quod fylueftres in cauernas, & quofdam quali 
nidulos arbortt: uelpa in eartidé domorumue nidulos , quos xftare coftru 
xerunt.Similiter hyeme latent in cauis arboribus no pauce uolucres,ut cus 
culus,picus,coruus,cuius caput rubra macula infigne,qui propterea mupgos 
noeeé a Grarcis nominatur,upupe quadam.At hirundines tain domeltica 
quaagreftes in loca uicina qua {unt tepidiora fecedut: que fi defuerint eis, 
(cin angultis montitlo cis condatin quibus aliquando etia fturni,palum 
bes,turtures,merula,turdi,alaudx,upupe latere cOfueuerunt, Siue aurein 
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arboribus, fue in montibus latuerint, ea de causa uerno tempore deplumes 
folent c6{pici.Satis multa,et fortaffis plura quam inftituta ratio poftulabar, 
dixi de his animantibus que caloris frigorisue uitandi caufa non fubeunt 
terra neq rimas necp foramina,neg {pelticas. Quanquam qu dicta funtr, 
ita apte natura cum his que fequuntur coherent, ut diftracta uix poffint fa 
tis cCOmode explicari.gitur animantiu, quaru gratia potiflimum hunc {cris 
bendilaborem fufcepi,tria funt ei fa enim uel noctu uel interz 
diu fubetit terre cauernas,atg in eis delitefcut,dormiuntue: fed plerag os 
mnes etiam hyeme egrediuntur ad paftum capefcendum:quada certo anni 
tempore fubterraneas fuccediit cauernas, & in eis graui fomno preflz alige 
menfes cof{umunt: queedam feré perpetuo occulre in terra latent,Primi gez 
neris non folum terrenz funt,fed etiam uolucres:uert terrenas primo perfe 
quar.Earum autin numero habentur homines cauernas fuccedétes , qui ex 
eo nominantur Troglodyte:quorum alfj eas cauernas fubeut caloris uitan 
di caufa,ut quiin Africa habitant ad mare rubrum,& Syrtica gentes:ali fri 
Souaege in Afia poft Caucafum montem incolunt planiciem feptentriz 
ones uerfus fitam,& Scythice gétes,& fylueftres homines , quiin Scandia 
regione Scricfinnia no¢tu nautis infefti funt: quos fj rogis ardentibus abis 
gunt.in Armenia etiam maiore,ut Xenophon optimus author {cribir, fine 
domus fubterranez, cuarum oftium puteiinftar anguftt eft, inferior pars 
Jata,aditus iumentis funt fofliles, homines defcendur gradibus. Quin in Te 
nedo infula piicatores hodie rupit {peluncis pro domibus utiitur: ut quon 
dam Cacuslatro fpelunca inter Auentinitmonté & falinas —_—--Facies qua 
dira tegebat Solis inacceffam radijs: ut SybillaCumzaantro illo ad Auer 
num lacum tam mufiuo opere infigni quam uaticinationibus nobili,Et Cir 
ce,mulier cantionibus clara, habitauit, w ators pAaqupoiorut Homerus caz 
nit.In Sedunis etia in tractu Sittenfiad Bremifam pagum ex rupe excifa fiz 
ne ullis tignis & trabibus ligneis formatum eft in tegrum ccenobium, hoc 
eft,templum, cubicula.conclaue,culina,cella uinaria. Similiter in altis mone 
tibus confpiciuntur arces gpa tepibe ag in Alpibus Couolum nomi 
natur,in quam nec equites nec pedites poflunt afcédere, fed cm homines, 
tum omniaad uiuendum nceffaria ad ipfam attrahuntur: qua in praecipiti 
Sicilie rupe,non longe ab Eryce monte exiftit, cam Drepano promontos 
rio coniuncta ponticulo,quo folo adiri poteft: qua in Saxonia inter Blanz 
cheburgum & Halberftadum eft:que in Toringia inter Vimariam & Blan 
chenhainam prope Mellingum pagum: illius nomen eft Reinefteinum ues 
tus,huius Puthardum , atq; ea diftat 4 Vimaria quatuor milib.paffuum:ue 
tragp ab habitatoribus nunc deferta eft & uacua: utracg habet in faxo incifa 
hypocaufta,conclauia,fcamna,ftabula, prafepia,ianuas, feneftras : Saxoni- 
cauero etiam templum, fupra quod incole extruxerunt {peculam, qua fo 
Ja fubiecta fuit fub afpectum.Hoc templum teftudinis figura, & pila media 
rotunda infigne eft:caetera omnia {unt quadrata,Ipfe mons Saxonicus pre 
ceps eft ex omni parte,preter eam qua afcenditursin cuius planicie excelfus 
collis clementer affurgit, qui qua parte planiciem {pectat,fofla {aris alta & la 
ta circumdatur:ex huius collis faxo arenaceo,nonnihil rubro,excife formaz 
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ta eft arxilla, cui multa & magne feneftra,quin in pede ipfius motis celle 
funt {ubterranex cum equorum item ftabulis, Vtracg arx hoc enigma pes 
perit uficatum Saxonibus & Toringis, 
Dic quibus in terris arx alto condita monte, 
Mille ubi per tectum poffunt errare bidentes. 
Hoenfteini etiam, que arx eft Mifenz trans Albim,equorum {tabula in fae 
xo incifa funt . Et Praeneftina: foffx fubterrane literis celebrantur,in quas 
rum una Caius Marius obfeffus,extin@us¢p occidit, Grarcas quog mulies 
res,qu meretricium que{tum faciebant publice,in cellulis {ubterrancis ha 
bitafle ex comicorum fcriptis apparet :a quibus xauarrumaa nominantur, 
kt ganeum &~ Pp) pats , quod effetin terra, di€tum putat Terentn interpres, 
Tales etiam cella Rome fuerunt, & frequentiores quidem {ub circo maxis 
mo,qua pertinerad naumachia,& in uico Suburano,& Summanniano ata 
Thufco:quin Romz fubterranez Ditis are fuerunt,& fubterraneum Con 
fi templum:acantiquos dijs inferis effodifle {crobes (ubterrancas, nymphis 
antra Iegimus.In maritimis quogy Germania quibufdam urbibus, ficut 
in Pruflis Dantifci,& in Saxonibus Lubeci, bona uulgi pars fub rerra habi 
tatin teftudinibus,fuper quas exftructe {unt magnifice domus,que a doz 
minis incoluntur.Eodem modo cuniculus,uulpes,fiber,lutrameles,& fors 
taffis ali quadam beftia fubeuntcauernas, fed egrediunturad paftum ca 
pefcendum etiam hyberno tempore. Ac cuniculus quidé multos fodit {pes 
cus,& in colles terrenos agit cuniculos : ex quare nomen inuenit, Mane & 
ucfperi egreditur,reliquo tempore feré later. Aliquos aiit {pecus operit pul 
ucre,ne deprehendantdr.Sed cum uiuerra at parui quidam canes,quibus 
eftad inucltigandi fagacitas narium, in fpecus & cuniculos immiffi,autlis 
quor terucns in eofdé infufus,fugacum & exturbatum pellunt in retia, quis 
bus capitur.Cuniculis autn6 unus eft color:uel enim in cinereo fufcus, uel 
lepori nonnihil fimilis,uel maculofus: quomodo candidi nigris uel rutilis 
maculis{tellancur, Wulpes ueroin primisad fraudé callidaynon tam ipfa 
fodit {pecus,quam ab alijs animantibuseffoffos occupat. Etmelema {pe 
cul prarepto,quia eius os (tercorib. inquinar,fectore abigit. Venaturlepos 
res,cuniculos,mures,gallinas,aues,pifciculos, Dolofe autem oe omnia.Es 
tenim fxpelepores & cuniculos,dum fimulat fe cum eis colludere uelle,cae 
pitincautos,muribus,ut feles,infidiari folet:gallinas noctu, clam ingreflain 
cafas,prehendit & afportat:aues,dum infidiole {c fingit mortuam, ad ipfam 
aduolantcs,captas necat & dcuoratiaquila impecti fupina jacens in terra pe 
dibus arcet donec cOprehéfam laniet. Cauda, quam huic animali magna & 
uillis denfam natura donauit,a ripis in humen demifla,pilciculos in cam ing 
natantes capit:& cum paululu de ripa fe {ubduxerit,illam conquaflans pifei 
culos captos excutitin terram ac deuorat.Retrorfum etiam gradiédo ad niz 
dulum uefparum accedit, quod fibi ab earum aculeis metuatiac cauda in nis 
dulum immiffa,uef{pas excipit:mox his ipfis refertam cxtrahés proximo las 
pidi,uel arbori,uel parieti,uel maceriz illidic: omnibusg uelpis ifto modo 
oppreffis & interfectis nidulit uaftat atqs exinanit,Eadé cauda cané,cui cam 
infectacur,hac & illac per ipfius rictu ducta, eludit,Ac iy ab quodob 
2 metun 
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meti fe in globti concludat,ut fe {pinis undigs poffit defendere, periningit, 
coc; modo fullocat.Etentm propter urinam in ipfius os influentem {paricur 
ducendi nullam habet poteftarem.Ea uerd uulpis,que canis mcdiocris ma 
nitudo eft, Color aiit fepe rutilus,priore tamen parte canefcens: raro can 
didus,rarius niger.Fiber etiam & lutra egrediuntur ex riparum cauernis, in 
uibus lacent,& fe in fuminibus mergunt, ac pifces capiunt quibus uefcun 
tur:(ed fructus quog & cortices arboru comedunt, Lutra autem a lurando 
appellatur.Frequenter enim fe lauat cum capiendi pifcis caula fein aquas, iz 
mo fepe in earum profundum,penitus immer git: quan Varrohoc uoca 
bulum a Greecis fluxiffe, & lytram iccirco nominatam purat, quod fuccidez 
re dicatur radices arborum in ripa,atcp eas difloluere:ad tantum autem fere 
{pacium fub aquis natat & currit anteag rurfus emergensaerem fpiritu du 
cat, ad quantum arcus intentus fagittam poteft emittere: quemaerem fidu 
cere nequit,ut cetere animantes gradientes,futfocatur, Corpus eilatius & 
longius fele, pedes breues,dentes acuti:a fibro cauda,pofteriorib.pedibus, 
pilis differt. Nam lutra caudam habetlongam & reliquarum quadrupedit 
fimilem:fiber pifcis:{quamis tamen non obductam,admodum pinguentla 
tam feré palmum,longam dodrantem.Is fiiacetin gradibus, caudam & po 
fteriores pedes demittitin fumen cum frigoribus non conglaciat: finatat, 
cauda mota quafi remigare folet Lutra autem pedes omnes caninis {unt fiz 
miles:fibri priores caninis,pofteriores anferinis, Etenim membranz quaz 
dam digitis funtinteriecte: itagp hiad natandum,illiad eundum magis naz 
ti aptiqs:nam in aqua & in terra uiuit, Fibri uero pilus eftin cinereo cadidus 
& ina-qualis:ubiqs enim a breuibus duplo lon giores exiftunt:fed lutre fuz 
{cus nonnihilad caftanex colorem deflectit,& breuis ac aqualis eft, utrigs 
uerd nitidus,& mollis, quare utriu{q pellibus concifis fimbrias ueftium ex 
pellibus nobilibus confectarum,folent exornare:quanqua lutre pelles lon 
é praftant fibri pellibus:attamen fibrort quog pelles inter fe multum dif 
Feat colore;nam alia magis aliz,minus ad nigrum accedunt,quadam ad 
rufum:nigriores quidem longe ceteris preftant,minus nigri medium loca 
tenent,fubrufi {unt deterrimi. Fiber autem in primis prouidus eft & folers: 
etenim fruticibus & arbufculis dente,tanquam ferro, refectis ante riparum 
cauernas conftruit paruas quafdam cafas,& in ts duos tresue gradus,quafi 
uafdam cameras:ut cum aqua fluminis crefcens inundauerit ripas, poffit 
afcendere cum decrefcens refederit, defcendere. Atcg etiam cum arborem 
iam fere fecuit,quoties itu facit, totiens fufpiciens confiderat num fit cafus 
ca..T'imet enim ne,fi eo ictu cocidat,ab ea, priufqua recedere de loco poffit, 
incautus opprimatur, Necuero minus eft c6ftans in propofito quam fo 
lers;nam quam arborem adripas primo elegit fecandam,eam non mutat,ez 
nam fi longo temporis {pacio diffecare nd poffit. Hoc animal uocem infane 
tis inftar mittit:ipfum aut uenamurn6d modo propter cauda qua uefcimur, 
& pellem qua ueftimur,fed etia proprer teftes,quibus ut medicamentis, uti 
mur:preefertim Ponticis: maxima enim uim habenr:Eos teftes,caftorea me 
dici nominant. Fibra enim Greci uocant xésopa. Sed fibcrautore Varrone 
dictus ab extrema ora Auminis dextra & finiftra,qua maxime folet uideri: 
nam 
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nam antiquifibrum dicebantextremi, Atmelcs exit écauernis, & uagas 
turin fyluis non alicer atq lupus,lupus ceruarius,lepus,aper,ceruus, trages 
laphus,tarandus,alce,platyceros,caprea,ibex, rupicapra,dama,& alix te 
res. Verum he animantes in {yluis cubant: pofteriores tamen in altiflimis 
montium faxis & rupibus.Meles ait auide appetit mel,ex quo nomen hoc 
duxit, Magnitudine eft uulpis aut canis mediocris, cuius quodamodo {pez 
ciein pra fe fert,maxime canina.Nam eius duo funt genera, Vnum canis in 
{tar digitatum,quod caninum uocant:alterum ungulas, ut fues, habet biful 
per lea idcirco {uilli appellant, Omnibus atte melibus crura {unt breuia, 
dorfum latum, cutis {piffa,cuius in mecu {ufflate diftétu,utor Plinij uerbis, 
ictus hominum,& morfus canum arcent:quanquam,fi quando cum ijfdem 
pugnant,ualde mordent, Duris ueftiuntur uillis,qui func uel albiuel nigri, 
& dorfum quidem abundat nigris , reliquum corpus albis, excepto capite, 
quod alternis quibufdam quali lineis nigris 8¢ candidis a f{uprema capitis 
partead rictum ductis decoratur,Craff autem meles non funt, pingues ta 
men: que carum pinguitudo inuncta, uel cum alijs infufa, renum dolores 
fedat.Ex huius animalis pelle collaria fiunt,que ex co meliaa Varrone nos 
minantur.[n ripis etiam Auminum & lacuum nidos fingunt halcyones; nec 
Ariftotelem latuit eas in Auuios afcendere,fed hyemenon occultantur, As 
uis e{t non mulco maior paflere, Cum autem marine halcyonis corpus tos 
tum coloribus cvruleo,uiridi,fubpurpureo, fed miftis infigne fit, adco ut 
neq collum,nec al aliquo ex eis careant,& roftrum habcat {ubuiride, ion 
gum,tenue,fluuiatilis {cu riparia pectus purpurcum eft, collum & dorfum 
in uiridi cerulcum, ala fulca, roftrum, ut etiam pedes, cinereum, Vefcitur 
pifciculis & uermibus, Lagopus quog in altiflimarum Alpium fpecubus 
iuxta glaciem,qux tota nunquam eitate folis calore liquefacta,ucl alijs etis 
am anni temporibus imbre dilapfa diftunditur,nidos cdftruit & cubat, Ex 
pedibus, quos haber leporis inftar uillis & quidem candidis ,non plumis, 
ueftitos,ynomen traxit, Ei magnitudo columbez.Color hyeme candidus,e 
{tate in candido cinereus,Longe non uolat,fed Alpibus fe renet. Capta nd 
uiuit,snedum manfuefcit, Caro huius auis fano palato efi bona, egroto falu 
taris, Ac aues,quibus oculi diurno {pacio funt hcbetes,acres,acuticg noctur 
no,interdiu latere, noctu ex latebris cuolare, & ad paftum folent accedere, 
quasiccirco nocturnas si aetna a funt uefpertilio , bubo, ulula, noz 
ctua,nycticorax. Verum ha non folum in tencbricofis montium & rupie 
um cauernis latent,{ed etiam in cauis arboribus,in adifichs defertis, fub tez 
ctis domorum magnificarum & cemplorum & turrium,quie raro homines 
fuccedunt. V c{pertilio autem uenatur culices & mufcas , excdit pernas, aliz 
asp carnes {uillas de trabibus fufpenfas, Catere aucs nocturne perfequus 
tur mures, hirundinces,aues,{carabeos,apes,uefpas,crabrones, Sed bubo ez 
tiam capit lepufculos & cuniculos.Ea omnium nocturnarum auium maxis 
ma ex fono,imo uerd gemitu,quem edit,mihi uiderur nomen inueniffe. Ca 
puthabet magnum ; corpus anferis magnitudine,breue tamen & quali des 
curtatum ac colore uarium:roftrum curuum,ungues aduncos,oculos gran 
des, Huicnon multum diffimilis cft ulula,fed minor; que item ex ululad 

5 3 uoce 


ALDRICH, LEVITON, & SEARS: AGRICOLA’S DE ANIMANTIBUS SUBTERRANEIS 149 


486 DE ANIMANTIBYVS 


uocenomenhoctraxit. Cumbhis duabus cognationem habent noctux 
(ed differunt uoce,Nec enim ululant,uertt edunt fonum,quem Ariftophaz 
nes xmme6ay nominauit.Earum quatuor {unt genera. Vnum, cui plumaau 
rium modo eminet:quod maximum eft,& afio uocatur. Alteru eximfj canz 
doris in gutture & uentre,alioqut candidis & luteis maculis alternis diftinz 
um. Tertium parull,quo,ur etiam fequenti,aucupes uenantur aues. Quar 
tum minus illo: quod in rupibus faxiscp uerfatur.Hoc,ficut & proximum, 
cinereis & candidis maculis uariat,item alcernis, INycticorax autem, hoc 
eft coruus nocturnus, niger eft,utalcerius generis coruus, fed eo pleruncgp 
minor. Acuefpertilio,qua ex uefpere,quo euolat, nomen hoc duxit, mu 
ri nonnihil fimilis eft, quare {cite {cripfit V arro;Factus fum uefpertilio,negs 
in muribus plane, neqp in uolucribus fum, Alas enim habet & uolat, quod 
ei non conuenit cum muribus:fed animalia parit,non oua,in qua re cum uo 
lucrum natura non congruit, & foetus uberibus admotos lacte nutrit , cum 
uolucres cibos conquirant undigy,quos in os pullorum inferant. Practerea 
funt ei dentes, quibus carent uolucres , Caput autem fimile habet muri uel 
cani:aures plerung duas,raro quatuor:dentes ferratos : corpus ob{cure ful 
uis pilis uefticum,roftrum tamen nigrum,item aures: alas duas,que ut dra 
conis & pifcis uolantis , non ex plumis conftant,fed ex memoranis, & quiz 
dem nigris. In utrag uerd ala habet digitum,cui eft unguis,caudam latam, 
& ficutalas, membranaceam,in qua duos pedes,quorum uterg quinos ha 
bet digitos uncis unguibus armatos, quibus in parietibus & rimis cauerna 
rum adherefcit, Aut enim pendet,aut uolat,autiacet. Quia uerd pedes non 
oriuntur ex corpore,fed ex cauda, ei effe traditur coxendix una, Vocem az 
cutam ut mus non emittit,uerum feré ut catellus latrat. Geminos autem, ut 
Plinius,uolitat amplexa infantes,fecumeg deportat, Cauda & alis affixa diz 
es aliquotuiuit. Quinetiam Troglodytz,qui in Africa habitant,interdiu, 
maxime vero meridie latent in fuis fpecubus, 

De primi generis animantibus,que noctu uel interdiu in terre cauernis 
delitefcunt, dormiuntuc fatis, Abeo ad fecundi generis animantes,quz cer 
to anni tempore,ut dixi,{ubterraneas cauernas Fcdaned in eis graui fos 
mno preflz menfes aliquot, quafi mortuz fine cibo confumunt, ac ufqsad 
finem eum latent, dum tepore ueris humo excitatz reuiuifcunt, & reminiz 
{cuntur cibum,quem tanto tempore oblita erant fumere, Tamerfi ex his de 
quibus iam dixi, alique funt etiam, ut omnis generis quedam beftia funt, 
in harum numero, ut {uo loco dica, Hz aiit aut terrenz funt, aut uolucres, 
autaquatiles, aucearum uita eftin terra pariter & in humore: fed terrenas 
hic quog primo perfequar. Itaqg multe quadrupedes hyemis aut xftas 
tis tempore fe in {pecus condunt. Etenim mures Alpiniautumno fubeunt 
cauernas,in quibus zftate cubare confueuerunt. Nam in eis ex foeno, ftraz 
minibus, farmentis exf{truunt cubilia,in quibus totam hyemem ufq ad uer 
erinaceorum inftar conuoluti delitefcunt & dormiunt. in una cauerna ples 
rung feprem,aut nouem, autundecim,aut rredecim. Mira ero eis machiz 
natio & folertia cum foenumacreliquaiam congefferunt. Vnus enim huz 
mi {trasus erectis pedibus omnibus iacer in dottein quem, tanqua in plaus 
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ftrum quoddain , ceteri ea que congefferunr, conijciunt,& fic onuftum, 
cauda mordicus apprehéfa, in fpecum trahunt, & quafi quodam modo ins 
uehuntiex quo euenit,ut per id temporis detrito dorfo etle uideantur, ltagg 
pofteaquam cubilia in {pecu ftrauerine, ipfum adicum atgg os eius farmens 
tis & cerra obftruunt & obturant,ut tuti a uentorum ui, ab imbribus , a frie 
ore effe poffint, Tam autem arcte & grauter dormiunt,ut effofli & extras 
i non excitentur antequam in fole expofiti ucladignem locati concalues 
rint. Hic mus cognomen ex Alpibus, in quibus na(citur,traxit: color ei eft 
aut fufcus,auc cinereus, aut rutilus:magnitudo fere leporis; muris {pecies ac 
figura,ex qua mus dicitur. Attamen mutilashabetaures & quafi decurtas 
tas:priores dentes ae &acutos: caudam amplius duos palmos longa, 
pedes breues & uillis fuperius refertos : digitos pedum urfinis fimiles: une 
gucslongos, quibus alte effodit terram : pofterioribus pedibus non fecus 
acrurfusire folet, acinterdum ingredi bipes. Sicibus huic animanti datur, 
eum in priores pedes fumit,ut {ciurus; utidem fciurus & fimia erectus ufqp 
eo in clunibus refider quoad ipfum comederit, Vefcitur non modo fructis 
bus, fed etiam pane,carne,pilcibus,iure,pulmento: cupide uero lacte, butys 
ro,cafco,que cum madit,oris fuctu fonitum fic uti porcellus edit. Multum 
dormit:ar cum uigilat, femper aliquid agit, ftramina, foenum,linteola,ralla 
cubilifuo importans ; quibus os ita complet,ut nihil amplius capere poffit: 
reliquum pedibus accipic & trahit,Cum irritatus exarferitiracundia,acriter 
mordet, Si quando inter fe colludunt mures Alpini, ut catelli camorem fas 
ciunt, Cum ¢ canerna montiuagi egrediunturad paftum, ex eis unus alis 
quis remanetiuxtaillius aditum , quam potelt diligentiflime & longiffime 
profpiciens.ls cum uel hominem,uel armentum,uel feram uiderit, fine mos 
ra clamat:quo audiro undicg omnes ad cauernam concurrunt, Gorum auté 
uox fiftule acute & ladentis aures fimilis eft:qua & mutationé aeris fignis 
ficant,& fibi quid aduerfi accidere, Dorfum ualde pingue habét,quum ces 
tera corporis partes fint macre : quanquam heecuere nec pinguitudo nec 
caro dici poteft:fed , ut mammillarum caro in bubus, inter eas eft medium 
quiddam,[llud ipfum utile eft puerperis,& his qu ex utero laborant: quis 
bus etid corum prodeft pinguitudo, Vigilias pretercatollit, Glires etis 
am hyeme no folum in cauis arboribus,de qua re fupra dixi, fed in terra las 
tenrfoecubus.Glirem autem Ariftoteles tAsip nominat,cinereus, ut Alber 
tus {cribit eft,excepto uentre, quialbicat. Ab eo differt beftiola paulo mis 
nor:quam alij Graccihac de caufa orgs, 16 pop uocarit,quod uertat & furfum 
uerfus inflectac caudam: aliqui uero oxigpop,quod cauda fua uillis urftica & 
conferta,quafi fabello corpus foleat intbrare: aliqui wu cniseop,quod pra 
terea (imilitudiné quanda gerat,{peciem p murisificut ctiam fciurus Fennia 
cus,quind cauda,no figura & liniamétis totius corporis, no ipso 
no moribus,{ed folo colore differta noftrate {ciuro: na in candido cinereus 
eft,cum fciurus noftras fitaut rutilus,aut niger:attamen in ea Sarmatiz par 
te,quam hodic Poloniam uocamus,inuenictur cui rutilus color miftus cines 
reo. Virig3 autem fciuro,hoc eft tam Fennico quam noftrati,duo inferiores 
dentes funtlongisuterq cu graditur,demiffam caudam trahit;quti uefcitur, 
S 4  cibum 
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cibiin priores pedes,quibus ut mures utitur pro manibus,fumit:pofterio- 
ribet clunibus in fifticuefcitur uero faginis glandibus, caftaneis,nucibus ae 
uellanis,pomis,& fimilib.fructibus. Hyeme u ero conis abietis,piccer,teda, 
aliarum@ arboru. V trig uerno tépore pariut,& pullos, | fi quis manwin niz 
dit immiferit,in alitt,nam facitit plures,transfertt. V trorug; carné tenues co 
medunt:diuites,qd guftatu fapore quoda ingrato comoueat,raro mandur, 
Vtrigg quan in Aoiibattaensnt tamé hyemeno condut. At gliribus 
cum hyberno tempore latent,pro cibo fomnus; arg per id téporis pingue- 
ane Ota recte de glire {cripfit Martialis, 
Tora mihi dormitur hyems,& pinguior illo 
Tempore fum,quo me nil nififomnusalit. 
Eius autem caro dulcis, Etfi uero glires uiuuntin fyluis,ut nonimmerito de 
eorum penuriain Fundanio, uel Deadmirandis Varro his uerbis cOquera 
tur,Glis nullus eftin fylua mea:tamen ueceres gliraria habebant. Que quaz 
lia debeant effe,idem Varro libro tertio Dere ruftica tradidit. Et hodiein 
quibufdam locis fylueftribus incole fodiunt tellur@utin cius cauernis alle 
res inhabirare,& quando uelint eos capere,& in cibo uti poffint. Apud Ro 
manos vero gliribus wiuaria in doltjs Fuluius Hirpinus inftituit,ut Plinius 
{criptum reliquit, Mus autem Ponticus,quem hodie uocant Hermelam, 
hyeme folu in cauis latet arboribus,ut{upra dixi. Eft ucro totus niuis inftar 
candidus,excepta cauda digitum longa:eius enim dimidia pars, & quidem 
inferior,nigerrima. Huic animanti magnitudo {ciuri,Perfequirurmures & 
aues quibus uefcitur.Eius pelles in preciofarum numero habent:ut etia mu 
ris quem Lafliciu uocantzis in cinereo candidus eft, nec duobus digitis craf 
fior, AtmusNoricus, quem Citellum appellant, in terra: cauernis habiz 
tat. Ei corpus ut multela domefticee,longum & tenue:cauda admodi brez 
uis:color pilis,ut cuniculorum quorundam pilis,cincreus,fed obfcurior, Si 
cuctalpa caret auribus, fed non caret foraminibus,quibus fonum ut auis rez 
cipit. Dentes habet muris dentium fimiles. Ex huius etiam pellibus, quanz 
quam non funt preciofx,ueftes folentconfici. Subir etiam terre cauernas 
mus Pannonicus, cui color {ubuiridis , fpecies muftelz, magnitudo muris, 
Sorex quog; menfibus hybernis fe condit in terra, in quam caucrnaad pes 
dum fere trivm altitudinem defcendit:effoflus & in fole expofitus,ut cxtee 
rx animantes,qux totam hyemem dormiunt,fenfim fe mouens euigilat: ef 
dodrantalis longitudo;color exftate rufus, fufco miftus,autumno cinereus: 
aures,ut Plinius {cribit,pilof : caudz caulis infima parte fetofus: nec enim 
totam habet,urfciurus, uillis cOfertam et plenam : quinetiam auriit pili fune 
perexigui;hicmus fylueftris arbores, ficuti glis & mus Ponticus,& (ciurus, 
{candit:femina pyrorum comedit, & nuces auellanas : quare apud Germaz 
nosexcorilonoméinuenit. Ataltermus fylueftris (orice breuior eft,etez 
nim femipedalis: color dorfo & lateribus murinus,uenter albicat? is fub fru 
ticibus terram fodirad dutim peditaltitudinem :ings ultimam cauerna, ad 
pedes quatuorlongz, parté cOgerit omne genus glandiu,atq3 nucleos cera 
fori & prunort, aliorum@ fru@ut, fed maxime nuces auellanas , & quidé 
optimas-unde etiam ipfe ab iftius generis nucibus nomen traxitzin cauerna 
fere 
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fere media nidum pilei inftar ex folijs arborit facit,utaqua, G quando ea ftil 
lauerit terra,extrinfecus defluat,ip{e ficcus intus in nido cuberrad aleertt etis 
am cauctne latus haber foramen, per quod ex ea,cumauellane nuces effoz 
diuntur,cflugere poffit, Mus attaraneus ueluti reliqui mures domeftici, 
non latetin terra:qui ex eo,quod uenentt morfu,ficut araneus,inferat, apud 
Latinos nomen duxit:apud Gracos uerd, qui uvydAyp uocant, ex eo quod 
magnitudine,ut Aetius,qui breuiter eum defcribit,autor eft, muri fit equa 
lis,colore muftelz fimilis:hoc eft in fufco fubrufus,excepto uétre, qui ex cis 
nereo albicat, roftellu habetlongiufculum:in utracs maxilla dentes in bifis 
dos mucrones definunt: quare animantes ab eo morfx quadrifida uulnera 
accipiunc: ocellos habet minutulos & nigros: caudam breuem,& in ea bre 
uiflimos pilos,eius morfus in calidis regionibus plerung eft peftifer,in friz 
gidis non eft: fedipfe diuulfus,aut diflectus , & uulneri impolitus proprio 
ueneno medetur: hunc captum feles interimunt,ab eius ueneno abhorrens 
tes non mandunet:ut nec murem maioré: qui,sametfi etiam ipfe hyemeno fa 
tet,tamen in ualle loachimica ex proximis domicilijsin cuniculos ingredis 
tur,& in his uerfacur: alioqut hyberno etia tempore in domibus noftris {oz 
let uagari:mole corporis muftelz minimz magnitudinem fere aflequitur 
& exeequat:pilis eft {ubnigris:cauda procera,necadmodiz gracili,nec prors 
fusnudapilis. Actin terra latent aliquot muftelari genera; na plura funt: 
eftem muitela domeftica,qua rei laa ex fono qué edit, uis 
{ela nominat.Ea pleriig eft in dorfo & lacerib.rutila,raro fubfuluatin guttu 
re & uetre femper cadida:quin nOnunqua tota candida reperitur, quanqua 
rarius. Corpus haber tenue,& in longius ductu:cauda breué,primores ee 
tes breues,no ficuti mus,longos,appetés eft {eui.Catulos nuper natos,quia 
ab hominib.et nGnullis alijs animatib, eis pericul metuit,fingulis dieb.ore 
prehenfosalio trasfert,Perfequitur mures,depugnat cit ferpentibus, fed uc 
a ueneno tuta fit,prius edit ruta. Vbera uaccartt mordet, que @primw in tu 
more fuerint,muftelina pelle perfricata fanatur: Hac muftela,fi noftree doz 
mi utuit, etfihabetfuas cauernas,n6 diu ac multu fe cOdit: ruri,hyberno t 
porcin{pecub,latetr, Secundumuftelart genus Germani tif nominat ex 
Greco uocabulo ix7is,quo erudita illa gens appellat fylueftrem muftelarid 
uero habirat in riparit cauernis , ubilutra & fbrimore pifces captos comez 
dit: & uerfatur in fyluis,ubi prehendit aues:in domibus,ubi gallinas; quare 
Plinius ea cffe domeftica diceret:quart fanguiné exugit:fed ne clamare pof 
fint,earif capita primo mordicus aufert. Acc etia eartidé oua, que furari foz 
let,ac multain unu cogererc,exorbet. Aliquato maior eft mauhlele domeftiz 
ca, breuior,fed craffior ea fylueftri,quz martes uocatur:pilos habet inaequa 
les & n6 unius coloris.6rem breues fubfului funt]5gi,ni ri: qui ficex mul 
tis corporis partibus eminét,ut diftinctz nigris maculis elle uideatur: attas 
men circa os eft candida : cit grauiter exarferit,male olct, Quocirca noftri ui 
liffimum quod fcortum , & maxime foetidum,pellem huius itidis folent 
nominare, eam muftelz genus etiam fylueftre,in faxorum rimis & 
cauernis cubat,quod a Martiale martes,a Germanis martarus nominatur, 
Martialis uerfus hic eft in libro decimo Epigram,ad Maternum, 

Venator 
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Venator capta marte fuperbus adeft.Ei magnitudo felis, fed paulo lone 
ior eft:crura uerd haber breuiora,item g breuiores ungues. Torii eius cor 
pus pilis in fuluo fubnigris ueftitur, excepto gutture, quod candidum eft. 
Heec muttela, fimiliter agp proxima,ingreditur domos & necat gallinas, ea 
rum fanguinem exugit,& oua exorber, Quartum muftelee genus item 
fylueftre,in arboribus viram uiuit,quod etiam uocabulo martis appellatur. 
Bs muftela fyluas infolenter & raro deferit:atcg in hoc differt a proxima fue 
periore voi fteta & infuper quod guttur eius lutei fit coloris, & quod reliz 
qui corporis pilus magis fit ob{cure fuluus, Huius duo genera quidam effe 
cenfent: unui quod in tageis fyluis uerfacur: alrerum quod in abiegnis 5 ale 
id fane eftafpectu pulchrius, Quintum muftelarum genus omnium pul 
cherrimum & nobiliffimum eft.quod Germani zobelam uocant: in hae 
ut martes de qua iam di::i,degit, ea paulo minor, tota tamen ob{cure fulua, 
preter guttur,quod haber cinereum, Muftela horum tri generum bonis 
tate czteris omnib, co magis praftat, quo plures pili candidi cu fuluis perz 
mifti fuerint. Zobelina auté pelles precij maioris funt G panniauro rexti. 
Etenim cSperi optimas quadraginta numero,tot em uno fafciculo colligaz 
ri & una uendi foiét,plus quam milibus nummum aureort uenifle. Omine 
aut muitelarum genus ira incitatum graue quiddam olet,fed maxime id Gd 
Germanitluf appellant:omnis praterea muftelz ftercus aliquantum redo 
let mulca. Noerzaatt,que item in fyluis uerfatur,magnitudine eft marz 
tis: pilos uero habet aquales, & breues,atg colore fere fimiles lutra pilis: 
fed noerzz pelies longe lutre pellibus antecellunt: atc ha etiam praftant 
fi pili candidi cum reliquis fuerint mifti. Repericur hoc animal etia in uattis 
& denfis fyluis que funtinter Sueuum & Viftulam. EtG uerd muftela 
omnes nec hybernis latent menfibus,neg fubetit terram,tamen earum forz 
mas exprefli fingulas,quod id,ut arbitror,rerum naturalium ftudiofis utile 
ficfuturum, Atuiuerra que cuniculos ex {pecubus exturbat,paulo maior 
eft multela dqmeftica.Color ei plertigs in albo buxeus . Audax hoc animal 
& truculenti,ac omni feré animantitl generiinfenfum atg inimicum natuz 
ra fanguiné earu quas momorderit ebibit,carné nd ferme comedit.Iftius fer 
me ferocitatis eft etidagri uaftator & Cereris hoftis hamefter, qué quidam 
Cricetit nominant: incolz Paleftine quonda Grace den Toutp uocaruntret 
quid@iccirco qd generis & murini fit,& urfini,cit erectus pofterioribus pez 
dibus infiftic ob uentris nigroré effe uideatursexiftit iractidus & mordax a¢ 
deo ut fi eu eques incaute perfequatur,foleat profilire, & os equi appetere: 
& Gi prehéderir, mordicus tenere.In terre cauernis habitat, nd aliter atqp cu 
niculus,fed anouftis:& idcirco pellis,qua parte utrings coxam tegit: a pilis 
eft nuda, Maior paulo G domeftica muftela exiftitpedes habetadmodum 
breues.Pilis in dorfo color eft fere leporis:in uentre niger,in lateribus rutic 
lus.Sed utrung latus maculis albis,tribus numero aiiingdiear, Suprema 
capitis pars,ut etia ceruix,eundé,qué dorfum, habet coloré, tempora rutila 
funt,guttur eft cadidu:caude,quz ad tres digitos trafuerfos loga eft, fimili 
ter leporis color.Pili atit ficinkerent cuti, ut ex ea difficulter euelli poffint, 
Ac cutis quidé facilius a carne auellitur,G pili ex cute radicitus extrahacur. 


Arg 
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Ares ob hanccaufam & uarietaté pelles eius funt preciof, Multa fruméti 
grana in {pec cogerit,et utrings dentib,malas em amplas habet atc; laxas, 
mandit. Quare noftri homin¢ uoracé huius animantis nomine appellant, 
tanquam {ciurus priorib.pedibus tuaures & os demulcet, tum cibu fumitt 
ing cos erectus,pofteriorib. & clunibus infiftens edit, Ager Toringia coz 
rum animalium plenus ob copiam & bonitatem fruméti, nes Mifena eoz 
rum expers eft:nam in tractu Pegano &Lipfianoreperidcur. Criccto mi 
nor eft uormela,& magis'‘uaria. benim preter uentrem,qui ité niger eft,to 
tum corpus albis,fubluteis,rutilis,ob{cure fuluis maculis decoratur.Cauda 
etiam, qua longa fe{quipalmum,habet pilos cinercos cum candidis permiz 
{tos,{ed extrema partenigros. Hactenus dixidemurium & muftelarum 
ac cognatorum miei saree quoru maxima pars fuccedit cauernas 
fubterraneas:nune de hiftrice dicam,qui item in fpecus fecedit, fed xftiuis, 
ut Albertus {cribit,menfibus; idg; facit contra morem caterarum animanti 
um.Eum Greci quidam &xavéoxorpop uocant, quod & fimilitudinem gerat 
{peciemg porci bime(tris,& {pinis erinacei in flax hirfutus fit: attamé caput 
habetleporino fimilius:aures humanis , pedes urfinis.luba ci eft fupcriore 
parte erecta & priore cana,tubercula cutis, Qua cx utracs oris parte funt,fes 
tas longas & nigras continent ex eis natas: quin reliquee ctiam fete funt nis 
gra.Prime {pine a medio oriutur dorfo & a latcribus,fed longiffime alae 
tcribus, fed longiffime a fuperiore cori parte, Que fingule partim nigra, 
partim candida funt:longe duos,uel tres,ucl quatuor palmos,quas, fi qua 
do libitum fucrit,ut pauo caudam erigit, ingreffurus in caucam demittit: it 
ritacus jracundia cum cutem intendit,miffiles in ora urgentium canum infis 
git,aut tito impetu iaculatur utin ligno figat. Dentes, utlepus, quatuor ha 
betlongos,duos fuperiore partc,& duos inferiore, Noctu uigilat,interdiu 
Asselin iia ne cOminuto,poimis,pyris,rapis, paftinacis, bibit aqua, 
{ed cupideuinum dilutum.Hoc animal gignitlndia & Africa, undead nos 
nuperallacum eft. Vrfipreeterca fe hyemis tempore in {pecuit latebras, 
quas locus ipfis fuppeditat,conijciunt:quod fi nulias fuppeditet, eas priori 
bus pedibus pro manibus uf, faciunt ex ramis & fruticibus congeftis & ita 
conftructis ut non recipiantimbres,in qua latibula {upiniirrepunt, Timét 
enim de fuis ueftigijs,quod in folo imprefla eos uenatoribus prodant.Mae 
resautem quadraginta dies, formina quatuor menfes fe occultant latebris: 
quo tempore candidam informem g carnem & pariunt, & lambentes fens 
fim in propriam formant figuram : quod non ignorauit Ouidius qui canits 
Nec catulus partu,quem reddidit urfarecenti, 
Sed male uiua caro eft: lambendo mater inartus 
Fingit,& in formam,quantam capit,ipfa reducit. 
Abditi primit iacent &arctius dormiunt ad dies quatuordecim , multivgs 
tam orauifomno fiunt pingues:deinde refident, & priorcs pedes fugentes 
uitam ducunc. Ex latibulig uero‘rurfus prodeunt uere: mares ualde pins 
gucs,foemina non item, quod pepererint co temporc,aluum aftridam fols 
uuntaroherba aceon ucro urfi funtauidiffimi cadis, tamen urfx in 
homines fi proftraucrint fe, & os ad terram uerterint, acacrem fpiritu non 
duxerinte, 
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duxerint,nullam adhibent feuitiam:fed eos tantumodo odorantes,tan.qua 
mortuos,quos odiffe exiftimantur,relinquunt: urfi autem hominibus nos 
ftris noti funt:mulros enim regiones frigide gignunt,& quidem fufcos aut 
nigros;quoru duo funtgenera, magni & paruichi facilius arbores fcandut, 
& in tantam magnitudinem,in quantam illisnunquam crefcunt. Verigg coz 
medunt carnes,mel, fructus arboru,herbas. My fa uero albos urfos gignit, 
qui pifces,utlutra & fiber,capiunt, Later etidinterra hybernis menfibus 
lacerta:quanquam fuerunt qui negarent cam femeftrem uitam excedere:res 
liquis auranni temporib.plerung in ruberis & {pinetis folet uerfarizer quas 
drupedi lingua bifida & pilofa: pedes humiles:ucrno tépore uiridis color: 
eftiuo nonnihil pallidus, Latetlacerta Chalcidica, ex zrei coloris lineis, 
quibus tergum eius diftinguitur,nominata.Eadem feps uocatur, quod uul 
nus, fi quem momordcrit, pucrefcat,&X fanic male olente foleat manare; alae 
certa uiridin6 corporis figura differt,fed colore rantum. Latetlacerta aqua 
cilis,cuius uita eftin aqua & in terra,fed crebrius in aqua. Gignitur in lacus 
nis opacis,quz in pingui folo funt,&X in quibufda meeniu foilis. Parua eft, 
& hanc prerereahaberab alts lacertis in colore diffimilitudiné, q ipfa uel 
cinerea fit,uel in cinereo fufca. Veftudinis aut falamandre inftar tardius inz 
redicur.[rritata fi exarferit,elata,et quoda modo inflata,rectis pedibus inf 
Fi, 8 terribilis oris hiatu acriter oculis intuctur ewa quo fueritlacefTita:ma 
natg fenfim lacteo & uirofo futore ufqs dum tora fiat candida. Impofita fa 
li cauda mouetac eftugere conatur:nam cum quia ualde mordet, no poteft 
ferre,{tatimcp moritur: cum alioguiuerberatadiuuiuat, Latet chameles 
on,in India & Africa natus ; cuius,ut Ariftoreles {cribit,corpus in lacerte fi 
urd eftformati. Eius uerd, ut pifcit,& latera deorfum dua & directa cit 
uentre iungutur,& {pina lateribus imminet., Facies fimillima fimix, qua Ce 
bu uocant, Cauda pralonga, que in tenue definir, & lorimodo permultis 
implicatur orbibus, Quum fteterit,altius quam lacerta ab{cedira terra.Cru 
ranonaliteraclacerta inflectit:finguli cius pedes diuifi funtin binas partes: 
que talem inter fe habent fitum,qualem pollex ad reliquam manus partem 
ei oppofitam. Quin etiam hz ipfe partes fingule paululi in digitos quot 
dam diuife funt:priorum quidem pedi interiorcs tripartito, cxteriores bis 
partito: pofteriorum uero interiores bipartito,extcriores tripartico. Digiti 
praterea unguiculos habent fimites unguibus animantium,quibus funt ae 
dunci. Totum corpus crocodili fidlsvalveriin, Oculiin receffu cauo politi 
pregrandes,rotundi,obducti cute fimili reliqui corporis cuti: in quortu me 
dio exigua relicta eft regio,qua uider: eam nunquam cute opent. Oculum 
uerfatin orbem , & afpectum quoquo uerfus refert, atcp ita quod uult,cere 
nit. Mutat colorem inflatus: cum alias niger a crocodili colorenon mulz 
tum differat: & ut lacerta,pallidus fit,nigris tamen,ut pardus,maculis eftua 
rius, Fitaurem mutatio coloris totius corporis. Nam & oculorum & caus 
dx color nonaliterac reliqui corporis muratur: motus cius, ut teftudinis, 
admodum rardus eft.Pallefcit cum moritur,& uita defunéto idem colorin 
fidet.Gulam & afperam arteriam codem fitu continet quo lacerta. Carnem 
nufquam haber nifiin capite & maxillis, cateramembracarentea. Exigue 
ucro 
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uerd cartcule funt maxillis & caudex,qua parte corpori eft agnata. Sangut 
nem tantamodo habetin corde,in oculis,in loco cordis fuperiore, & in ues 
nis hinc ductis;atqs in his quidem perpaucum, Cerebrum paululum fupra 
oculos pofitum , & cum eis continens cft, Cute autem oculorum extcriore 
detracta cOplectitur quiddam quod uelut annulus xncus tenuis pellucer, 
Membrana multz ac robulte & que multo prattit his que coxteris funr, 
diftribuuntur in tott cius corpus. Totus diffectus diu {pirat,quod exiguus 
admodt motus adhuc in ipfius infit corde, Cum omnes corporis partes co 
trahit,cu ucl maxime coftas.Liené qui cd{pici poffit,nufqua continet, Aura 
ucro perhibetur ali:unde Ouidius non modo dulcis, fed etid doctus poeta: 
Id quoq quod uentis animal nutritur & aura, 
Protinus affimilat, tetigit quofcung colores, 

Stellio etiam latet,figura fimilis eft lacerta , natura chameleonti:nam rore 
tantu uiuit,& praterea arancis & melle.Eum Nicander aonerasoy , Ariltos 
teles xecnaraCotTw nominat.Etenim illius tergu outtis {tellart inftarlucens 
tibus pictuzex quare ctiam apud Latinos nomé inuenit; atq3 hoc differta la 
certa,.Idemyarewrus a Greecis uocatur. Vt anguis exuituere membrana hy 
bernam tanquam fenectutem : eam@ nifi preripiatur,deuorat, Quem moe 
morderit ftellio,ftupor opprimit.[n Grecia eft uenenatus & peftifer,in Sis 
ciliainnocens , Aducrfacur {corpionibus:uitam agit in {epulchris, in cames 
ris,inlocis oftiorum & feneftrarum:inclufus in uitro uitam fine ullo cibo fu 
pra femeltre {pacium ducere poteft:eius oculi tanttimodo intumefeun t,ma 
li pracerea nihil cum patirur. 

Latet preterea hybernis menfibus falemandra. Etenim hocanno in Fea 
bruario Sneberet maxima uis falamandrart ex uicinis locis collecta, agelo 
meratags in ultima cuniculi cuiufdam, quondam in Molebergum montem 
acti,cuncuerd inftaurati,parte fuitreperta, Et proximo anno in Nouembri 
falamandra uiua ex fonte finitime fyluz per fiftulas in hoc oppidtinfluxic, 
Plunize ait & fubfequens ferenitas falamandras excitant ex uenis, uenulis, 
cOmiffurisgp faxoru: hanc quadrupedem, cui item lacerta fgura,Germani, 
quia propter crura breuia tarde graditur,Graco nomine MOAyHp appellant, 
Caput ci magnum,uenter lutei coloris,ut etia ima caudz pars: reliquucors 
pus totum alternis maculis nigris & luceis quafi {tellatum diftinguitur,Pro 
pter frigus ignem,nonaliter ac glacies,cxtinguit:quo modo ctid oua ferpen 
tium inigné camini coniecta,flamam folér extinguere; attamé tam ipfa oua 
quam falamandra cOburuntur.Salamandra att irritata fanié cuomit laGeat 
huicanimali nec mafculinum nec foemininu genus falfo putanceffe, Teftu 
do etiam eerreftris tora hyemem in terra latet , atq; graui fomno prefla tems 
pus fineullo cibo traducit, Scarabei denis rutili,& grylli, qui potifimar 
noctu ftrident,aridam foditit terram,ut in cius cauernis cubent eftate; eryl 
li domeftici etiam hyeme.Nam fcarabei ante autumnu,imo prius intereune 
qua tota wftas efAuxerit:grylliagreftes ante hyemem, uretiam aranei nigri, 
qui fimilicer habicantin terre rimis. Atfcolopendra in truncis arborum, 
aucin lignis fupraterram locatis,autin palis terra infixis,unde nomen inue 
nit,cum pucrefcunt,& sionitur & uiuit;quibus amotis aut c6m see eorcdis 
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let larere . Pennis caret,fed plurimos habet pedes:quoe 


circa eam ex Latinis alij multipeda, aly centipedam, altj millipeda uocarut: 
fi quando repit, partem corporis media tanquam arcum intendit: fi bacillo 
aliaue re tangitur,fe contrahit,Color ei eneus,corpus tenue,nec ualde lati, 
longi uero tres digitos,aut fummu quatuor. Jam in uolucrib,qua fe con 
dunt,hirundines ripariz funt, Etem plures numero inter fen exx hybernis 
menfibus latétin ripis fluminu, lacut, paludum, ocin litoribus ac {copulis 
maris;unde accidit, ut pifcatores interditita inter fe iunctas ex aquis extras 
hant, Didtee autem funtriparix,quod foleant ripas excauare,& in eis nidos 
coftruereaclatere:has Graci & &wodas uocant,no qd fine pedibuis fint,fed 
eorii careant ufu:&X nv-LéAvs,quod oua pariat et excubentin ciftellis longis, 
ex luto fictis: quibus aditus firangultus , ut omnianni tempore belluas & 
homines uitare,hyeme a frigoribus tute effe poffint. Hoc differttcab hirun 
dinib.tam agreftibus & domefticis,quod tibias habeat hirfutas.Ha,inquit 
Plinius, fant qua toto mari cernfitur,nec unqua tam longo naues,tamcg co 
tinuo curfu receditr 4 terra,ut non circumuolitent eas apodes. Catera gene 

rarefidunt & infiftunt,his quies,nifi in nido nulla:aut pendent,autiacent. 
Hyveme etizin cauernis montium, etfinon in his folis , latent uefpertilioz 
nes,bubones,ulula,notue, hirundines,fturni,palumbes, turtures, meruz 

lee,turdi,alaude,upupz:de qua re {upra dixi. 

lam ex aquatilitt que latent genere,quedam hyeme,quedam eftate c6- 
dunt fe,uel in cceno.uel in arena:& ita quidé fe in js condut,ut reliquu corz 
pus tort tegatur,os fit liber, Hybernis menfibus hi pifces conduntfe, pri- 
madiz, hippurus,coracinus,murena, orphus,conger,turdus,merula,perca, 
thynnus,raia,& omne genus cartilagineti,co chlex. A: ftiuis uero menfibus 
condit fe glaucus, afellus, aurata. Tricenis diebus circa canis ortu purpura, 
buccini,pecté,delphinus, Jam in numero animantit, quart uita cftin tere 
ra pariter X in humore latet hyeme lacerta aquatilis,de qua fupra dixi. Cro 
codilus Gcp {pecit eiufdé hyemis uitande caufa fuccedit, & in eo quatuorla 
tet menfes,Frigus adeo molefte patitur,ut etiam,cum no foleat latere,interz 
diu in terra uerferur, in aqua noctu. Viuus in Europamraro nunc affertur: 
fed mortuum fepe pharmacopolz in officinis fuis de trabe fufpendunt,Pli 
nius eius figuram & natura diligenter eft perfecutus : quadrupes malt, inz 
quit, & terra pariteracflumine infeftum, Vnuthoc animal terrcftre linguie 
ufu caret: unum fuperiore mobili maxillaimprimitmorfum, alias terribile 
pectinatim ftipante fe dentit ferie. Magnitudine excedit pleruncs duodeui 
inticubita. Parit oua quanta anferes,eag extra eum locu femper incubac 
prediuinatione quada, ad quem {ummo auctu eo anno egreffurus eft Niz 
lus.Necaliud animal ex minori origine in maioré crefcit magnitudinem.Et 
unouibus hic armatus eft,& contra omnes ictus cute inuicta. Hoc facurum 
cibo pifcium & femper efculento ore in litore fomno dati, parua auis,qux 
trochilos ibi uocatur, rex auium in Jtalia,inuitat ad hiandum pabuli fui gra 
tia,os primo eius ad{ultim repurgans,mox dentes,& intus fauces quoq,ad 
hanc {cabendi dulcedinem quam maxime hiantes: in qua uoluptate fomno 
preffum confpicatus ichneumon, per eafdem fauces,ut telit aliquod,immilz 
fus craic 
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fus croditaluw, In eo maior erat peftis, quam ut uno effet cius hofte natura 
cotenta.ltacg & delphiniimmeantes Nilo, quorum dorfo, tanqua ad hune 
ufum,cultellata ineft pinna,abigentes eos prada,ac uelutin {uo rantum am 
ne regnantes,alioquin impares uiribus ipfi,aftu interimunt: in uentre mole 
lis eft, tenuisqs cutis crocodilo,ideo fe ut territi immergunt delphini, {ubes 
untesg aluum illa fecant {fpina, Quin & gens hominum eft huic bellua ade 
uerfain ipfo Nilo, Tentyritz ab infula in qua habitat appellata. Méfura eoa 
rum parua,fed prefentia animi in hoc tanttufu mira. Terribilis hac contra 
fugaces bellua eft,fugax contra infequentes: fed aduer{um ire foli hiaudét: 
quinetia Aumini innatant,dorfogs equitantit modo impofiti,hiantibus rea 
fupino capitead morfum ,addita in os claua, dextraaclaua tenentes extrea 
ma eius utringp,ut frenis in terra agunt captiuos. Acuoce etia fola territos 
cogunt euomere recentia corpora ad fepulturam ; itag ei uniinfule crocos 
dilinon adnatant,olfactug eius generis hominum,ut Pfyllorti ferpétes, fus 
antur:hebetes oculos hoc animal dicitur habere in aqua,extraacerrimi uis 
Fis. Quida hocunw quadiu uiuat,crefcere arbitratur; uit ait l6go tépore, 
Latent etia hybernis menfibus in terra rane omnes, exceptis temporartjs 
itis minimis, que pallent in cafio,& reprant in uijs & litoribus, Hz enim, 
quianon ex femine, quod effundunt mas & foemina, cum complexu ues 
nereo iunguatur, fed ex puluere wftiuis imbribus madefacto oriri uidentur, 
diu in uita effe non poflint, Itags condictur uiridis illa parua, qua Graeci & 
xareuitlw uocant,quod in arundinetis agere confueuerit: quanqua etia ars 
bores {candit,atcp in herbis uiuit:;®& Beifavra, quod fono {ui generis pluuis 
as futuras prenunciet.Nec enim, ut Plinius a nobis diffentiat,eft muta & ff 
fic uoce. Verno tempore fepenumero uidetur ex terra eminere media, mes 
dia adhucin ealarere, Condutur uirides rane, que uerfantur in Auufjs at 
pifcinis,& hae quidem uocales & edules funt, Conduntur fubliuida & fab 
cinerea,qua item in Auuijs, lacubus, paludibus, lacunis uiuunt:he partim 
uocales & edules funt,partim mute & non eduntur: quas hybernis menfis 
busin terra latere argumento eft,quod uerno tempore non tantum earti foe 
cus confpiciantur in lacunis,fed ipfe ueteres etiam rane, Quareuerumnon 
eft quod {cribit Plinius: mirum¢ femeftri uita refoluuntur in imum nullo 
cernente,& rurfus uernis aquis renafcuntur, que fuere nate: perinde occul 
taratione,cum omnibus annis id eueniat: foetus alt earum {unt primo cara 
nes parua,rotunde,nigra,dein oculis tantum & cauda infignes; quas Nis 
cander,quia caudam mouent,woasve/dias, Aratus quia rotundx, yveves,altj 
Gracci Bareaxidlas, quali dicrsjranunciles,nommansiquoruta poles figu 
rantur pedes,priores ex pectore,in pofteriores finditur cauda, Conduntur 
praterea rane pallida in hortis agentes,que no comedtitur,& muta funt, 
Céditur denicp ranarubeta,que ex rubis, fub uepribus enim uerfari folet, 
nomen inuenit:eam Poeta bufonem,Graeci getvop uocat, Duo cius genera, 
altera terrena,qua in domibus & uepribus agit: altera paluftris, quar {ui ge 
neris uocem edit, Vera uenenata eft, utrags, fi bacillo feepius ucrberetur, 
inflato corpore uirus primo é clunibus exprimit longius,deinde fudat:cuis 


usfudoris lactei gutta admodum grauis & putidi funt odoris; ac dap 
a icur 
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ditur feré opij:occiditur autem difficulter. Rana rubeta mulieres uenchcax 
quondaad ueneficia funt ufe. Mus quog aquatilis hyeme latet in ripis 
fluming & riuorum quos incolit.Ei magnitudo fere muris {ylueftris : morz 
det faepe manus pifcatoru, culm ex foraminib.riparu,cancros Aluuiatiles exe 
trahunt, Vorat pifciculos paruos,quales funt gobiones fluuiatiles,& albur 
nisuorat fcetus luci, falaris,barbi, aliorum g3:quocirca ubi maple uisid gee 
nus muriu nafcitur,riuis uafticatem foiet inferre, Cancer etia fluuiatilis fucs 
cedit ripas,& in eis hyeme latet,aeftate plertiq uerfatur, At {corpius, quem 
Germania tantumodo importatt nouit,in terra non latet:quang in parieti 
bus,& {ub lapidibus, lam denigp in ferpentium genere,qui maxima ex par 
te rerreni funt,uipera,quam Graci éxidtvlw uocanthyeme fubit faxa,Ealon 
ga eft circiter cubitum,& maculis in cinereo fufcis plena, Primo intra fe oua 
parit:dein his exclufis uiuas animantes ; nec tamen ipfa catulos fingulos, ut 
Nicander & Plinius {cribunt,diebus fingulis parit uiginti numero: nec cee 
tera tarditatis impatientes perrupuntlatera occifa parente: fed ut nobis (er 
pentitt {peculatores affirmant,uno eodemg die catulos plerung undecim, 
plures interdt parit; & quidem eis fuperftes uiuit, Neg ucro etia cum uipee 
re cOmifcent corpora fibi circttuolute fcemina maris caputinferti in os, ut 
idem Plinius {cribit, abrodit uoluprtatis dulcedine: non aut mas modo,uez 
rum etiam foemina natura breué & quafi mutilam habet caudam,n6 ut ple- 
reg alie ferpentes longam:fed differtr inter fe:etenim foemina caput eftla 
tum,maris acutt, Cum hicmordet ac uirus euomit, apparét ueftigia duort 
dentium acutorum:cum illa,plurium: uipera non lac modo ficuti ferpentes 
ceteri,appetit,fed etiam uinii:unde eam Galenus in lagenam uino refertam 
irrep fiffe fcribit,& uint,in quo demortua fuit,potum elephantiafe laboran 
tiremedium fuiffe ; contra ad uipere morfum multa faciunt, fed maxime 
taxi arboris fuccum facere Claudium Cefarem edicto propofito Romae 
nosadmonuiffe Suetonius fcriptum reliquit. Minori att uipera dipfas 
eft affimilis:quze cum alba fit, eius caudam due nigre diftinguuntlinex : a 
fe ictum inexplebili fiti enecat,ex quo nomen hoc duxit: quinipfa multum 
fitit: jane immoderato poru onufte umbilicus rumpitur,et grauius or 
nus effundit:hanc alij caufonem,alij prefterem uocantifed prefter, ut corpo 
ris formanon multuma dipfade differat,effectu differt: nam iti extemplo 
fideratione quadam reddit immobilem ac mente alienum: mox pilis deflu 
entibus cum prurituacuentrisfolutioneabfumit. Condit etiam {ein terz 
ra,ficuti cetera ferpentes feré omnes,uel in faxorumrimis caecula: ex cxciz 
tate apud Germanos quog nominata:qua eadé de caufa Nicander Tuga 
aa,alt) Tvg¢Aivop nominant;etem caret oculis.Color ei in luteo uiridis,& ual 
defplendens:nung pede eft longior, nunquam digito craffior, ca ficut & 
uipera,ut Coiumella {criprum a , fepe cum in pafcua bos improuide 
{upercubuit,laceflita onere morfum imprimit, Quinamphisbenahebes 
tes habet oculos:item parua eft & tarda, fed biceps: quare alterutro capite, 
cum ei libitum fuerit,progredi uel regredi poteft:unde ei nomen impofitit: 
denfx cuti colorinfidet terre,uarts notis diftinde, Huic nondiffimilis 
eft figura {cyrale,fed pinguiorei craflitudo que manubrio ligonis,longitu 

do qux 
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do quz lumbrico : hc cum uerno tempore exuuias pofuerit, foeniculo, ut 
caetera ferpentes non uefcitur: ex baculonomeninuenit, Tumhybernis 
menfibusin caua terra uel loca faxofa ingreditur natrix a natando appellae 
ta:qua de caufaa Graccis ex aqua ve nominatur:& xfpovdb@- ,, quod & 
in terra 8 in aqua uerfetur, Necaffentior Lucano qui cherfydrum 4 natrice 
diftinguit.Eft att infefta & inimica ranis:forma no differt ab afpide,fed cos 
lore, qui ei plerung in cinereo candidus,Ex natricit genere uidetur efle Ca 
labricus ferpens,etiamfi maculofus fit,Eum his neilibas defcribit Virgil; 
Eft etiam ille malus Calabris in faltibus anguis, 
Squammea conuoluens fublato pectore terga, 
Atg notis longam maculofus grandibus aluum, 
Qui dum amnes ulli rumpuntur fontibus,& dum 
Veremadent udo terre,ac pluuialibus auftris 
Stagna colit,ripisgs habitané hic pifcibus atram 
Improbus ingluuiem,raniscp loquacibus explet, 
Poftquam exhaufta palus,terraq ardore dehif{cunt, 
Exilitin ficcum,& fammantia lumina torquens 
Seuitagris,afperc fiti atcp exterritus aftu, 
Ex natricum praterea genere {unt bow,in tantam, Plinio aurore,amplitudi 
nem exeutes,ut, diuo Claudio principe, occife in Vaticano folidusinaluo 
{pectatus fit infans, Alutur primo bubuli lactis fucco, unde nomen traxeret 
{unt em nihil aliud qua domeftica atqz uernacul natrices, Afpis ait eft 
longitudine 1111, pedit,craffitudine hafta. Color eis nd unus:nam alijs {qua 
lidus,alijs uiridis & uarius,alijs cinereus, alijs igneus ; maxime Fithiopicis, 
Oculihebetes in temporibus,& iuxta fu percilia carunculz inftar calli emis 
nent:quocirca quafi fomniculofa nictarc non ceflat,fed animantium ftrepis 
Tu facile excitatur, Gignited Algyptus, Ethiopia, & cxterx regiones As 
fricee, Coniuge,utor Blin uerbis, ferme uagantur,necnificum compare ui 
ta eft:itacp alterutra interempta,incredibilis alteri ultionis cura:perfequitur 
interfectorem,unumq eum in quantolibet populi agmine noticia quadam 
infeftat:perrumpit omnes difficultates, permeat {pacia,nec nift amnibus ars 
cetur,aut preceleri fuga, Huicichneumon, qui fimilis eft muftele,maxime 
inimicus eft:itags non tantum eius oua perdit,fed ipfum etiam interficit: ete 
nim mergit fe limo fapius, ficcat¢s fole:mox ubi pluribus eodem modo fe 
corijs loricauit,in dimicationé pergit:in ea caud@ attollens ictus irritos auer 
fus excipit,donec obliquo capite {peculatus inuadat in fauces: afpides auré 
Galenus in tria diftribuit genera,in chelidonias, cherfeas, ptyadas, a {puto 
cognominatas:quas Cleopatra fibiadmouit.Afpis uerd frigoris impatiens 
hyeme inclufus atcp abdirus latetin arenis: utin cauis fagis aut quercubus 
dryinos:ex qua renomen inueniteam alij, ut Nicander feribit, hydron, alfj 
chelydron nominant:eft enim natrici,quodad caput attinet.firnilis, {ed ters 
gu habet cinterei coloris, crafficudo & longitudo ei eft medioctis anguille, 
rauiter oletiranarum foetus, cauda infignes perfequitur: & eam contra mu 
a magna, Atceraftesex cornibus nomen traxit, que modo cochlezx 
inftar gemina , modo quadrigemina geftatin capite: & quidem corporea: 
t 3 quorum 


ALDRICH, LEVITON, & SEARS: AGRICOLA’S DE ANIMANTIBUS SUBTERRANEIS 16] 


A98 DE ANIMANTIBVS 


quoru motu, {cribif Plinius, reliquo corpore occultato folici tat ad fe caues: 
alioqui in uiperz figuram eft formatus, Color ei {qualidus: in frigidis tamé 
regionibus reperitur natrici fimilis figura & colore: quanquam raro in his 
reperiri foleat,In Africa in arenis & orbitis uerfatur: alibi plerungs in {axoz 
rum rimis,in quibus latet hyberno tempore, Ariftoteles colubros etia The 
banostraditeffecornutos. Hamorrhoos quog in faxorum rimis agit: 
ea ex profluente fanguine nomen inuenit: nam cum aliquem momorderit, 
prima note fanguis erumpit ex auribus, ex naribus,ex ore una cum {puto, 
ex uefica cum lotio,ex uulneribus cum fanie:gingiue praterea & caro que 
eft {ub unguibus, ftillant fanguine, fi quem hemorrhois foeminamomore 
derit:eft autem longa pedem,non multum craffa : erenim paulatim in tenus 
em caudam definit: colore alias cinerco, alias candente, Ex fronte eminent 
duo cornicula,item corporea;oblique ac tardius ferpit,& perinde ftrepit ac 
fj arundines tranfeat, Huic figura fimilis eft fepedon, fed corniculis caret,& 
cotrarie ferpit:color ei ruber: a putredine,qua mox fequitur eius morfum, 
nominatur. Porphyrusuero,ut Alianus tradit, palmi eft magnitudine, 
capite candidiffimo,reliqua purpureus,morfu innocuus, quippe qui dentiz 
bus careat. Inucnitur in Indiz locis uadofis: captam cauda fufpendunt, uiz 
uentis¢p ex ore defluentem liquorem legunt in ua{culis ereis: alterum item 
ex iam defuncto liquorem nigrum fimiliter in altero uafe excipiunt: & hic 
quidem in efculentis feu poculentis,cum grano fefami datus tabe lenta unis 
us,uel etiam duorum annorum {pacio paulatim enecat: ille more cicute {ta 
timabfumit, Acontiasautem, quem Latiniiaculum appellant, ex arboe 
rum ramis fe iaculi inftar uibrat in animal quod preterierit:ex quare nome 
reperit:nec uero folum defuper fe uibrat in animal, fed humi pofitus, fi fues 
rit laceflitus,iaculi modo corpus intorquens eminus petit aduerfarium, 
Cenchris uerd,quam Nicander cenchrinen uocat,ex eo quod crebris ma 
culis mili {emini colore fimilibus, ficinter{tin¢ta,nomé inuenit,de qua Lus 
canus: 
Quam femper recto lapfurus limite cenchris 
Pluribus ille notis uariatam tingitur aluum, 
Quam paruis tinétus maculis Fhebanus ophites 
Concolor exuftis atcg indifcretus arenis, 
At bafilifcus ex eo nominatur, quod ita ueneno ceteris ferpétibus preftet, 
utrex purpura & infignibus regijs ijs,in quos dominatur,antecellit, Caput 
ei acutum,& color fauus, Cyrenaica,inquit Plinius,hitc generat prouincia, 
duodecim non amplius digitorum magnitudine, candida in capite macula, 
ut quodam diademate infignem:fibilo omnes fugat ferpétes: nec flexu mul 
tiplici, ut reliquee , corpus impellit,fed celfus & erectus in medio incedens, 
necat frutices ‘non contactos modo,uerum & afflatos;: exurit herbas:rumz 
pit faxa:talis uis malo eft. Creditum quondam ex equo occifo hafta, & per 
eam fubeunte ui,non equitem modo,fed equum quoc abfumptum. Huic 
tali monftro , fepe etenim enectum concupiuerereges uidere,muftelart ui 
Tus exitio eft; adeo nature nihil placuit effe fine pari. Insjciunt eas cauernis 
facile cognitis fola rabe: necant ill {uo odore,moriun turds, & natura pus 
gnam 
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pnamconficiunt.Bafilifcum ex uolucrum,quas A: gypti uocantibes, ouis 

ignitheologus Caffianus affirmat:uulgus ex ouo,qd gallus peperit, mon 
Fale afferit nafci: qualis fuifle perhibetur is qui Zuicce aliquot homines 
necauit fio ucneno, qua de caufa dominus cella, in qua erat, fores claufit, 
murogfepfit, Sequitur draco auidendo appellatus,Gd acrius cernat qua 
cetera {erpentes,quocirca ueteres eum thefauris cuftodiendis prafeceriit: 
atq; in ipfius cuftodia edes facras,adyta,oracula pofuerunt, Eft auré ad ads 
{pcctum pulcher:etenim totus niger,prater uentrem, qui fubuiridis,& cars 
nein fub mento,barb {peciem pre fe ferentem, que felle tincta uidecur ef 
fe.Pellis utriufgs fupercili) pinguis. Ipfe praterea utrinque triplici dentium 
ordine decorus:nec tamen multum mordens,Pugnatin alijs regionibus ct 
aquila,in Africa & India cum elephante, Nam in his funt uicentim cubitoz 
rum, Duplex cius genus:unum terrcnum , quod iam defcripfi: alreerum uoz 
lucre,cui ut uefpertilioni mebrance funtale.{d ex uaftitate Libya uéto As 
frico inuchiin A.gyptum Cicero fcriptum reliquit. Wnum habuilongum 


fefquipedem , quo Ambrofium Fibianum donaui; cui fere color crocodill 
fuit:de hoc {eribit Lucanus; 


Vos quog qui cunctis innoxia numina terris 
Scrpitis aurato nitidi fulgore dracones 
Peltiferos ardens facit Africa,ducitis alrum 
Acra cum pennis,armentacg tota fequuti 
Rumpitis ingentes amplexi uerbere tauros, 
Nec tutus {pacio eft elephas,datis omnia letho , 
Necuobis optis effad noxia fata ueneno. 


Veautem cx dictis ferpétibus alique in calidiffimis regionibus nullo anni 
tempore necefle habent latere,certe in arenis & rimis fesoriin folent cubas 
te. Scerpit etiam teredo, caret enim non modo pennis,uerum etiam pediz 
bus : fedeacui color zneus {ub lignis putridis & nafcitur & latet, acplee 
rung iuxca fcolopendram inuenicur.Crafficudo ipfi eft minima penne an 
ferine,qua utimur,cum {cribimus: longitudo feolopendra,fed teres cft. 
Hactenus de animantibus, que in terra latent,aliquo anni tempore: nic 
dicam de fubrerraneis propric uerecg fic dictis,hoc eft de his que intra ters 
r& gigniitur,&¢ femper fer¢ {ub terra, quali defoff uiuunt,. He ait ipfe par 
tim in terra ficca,partim in humida,uel in aquis fubterraneis uit% ague. Pris 
mi generis funt talpa,mus,rana netienata,trondllaalaitides lambHel cos 
chlea cauatica: alterius, pifces fubterranei: quas animantes fingulas perfec 
quar:& primo quidé talpa. Ea rani cb nd mult diflimilis muri, cz 
ca th:quanqua oculorit effigies, {cribit Plinius,ineft, fi quis praetenta detrae 
hat membrana, que n6 eft pilis ueftita:liquido audit etiam obruta,extracta 
ex terra,quam in aruis,magis uero in pratis & hortis,paflim egerit,diu non 
poreft uiuere: crura habet breuia,quare tarde graditur:digiti,qui in prioris 
bus pedib, func quini, in pofterioribus quaterni,oés acutis unguiculis, qui 
bus tcrram fodit,armantur:pilos att habet nigrore {plendido infignes: qut 
catulis earum (unt albi, V efcitur ranis, etiam uenenatis,lumbricis,radicibus 


T 4 = frugun 
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frugum & herbarum: ex earum pellibus pileoli & cubicularia fiunt ftra Ue 
la. Sequitur mus fubterraneus , quem alij agreftem uocant,Seruius Cie 
cerone nitedulam putat nominan. De hoc Vergilius: 
feepe exiguus mus 

Sub terris pofuirgs domos, at horrea fecit, 

Aut oculis capti fodere cubilia talpa, 

Inuentusg cauis bufo,& que plurima terre 

1 saa ey Senn 
Duplex autem eft,minor {cilicet & maior, illenon multo maior exiftit doc 
“thige mure minore: hicnon multo minor domeftico mure maiore: quin 
caudam utille longam habet ac craffam.Corrodit,imo exeft, planegp inters 
dum confumit alice lupuli,paftinaca,rapi,8¢ reliquorum leguminu.Va 
ftat mefles;uerit ca peltis non femper in terra later, fed nonunquam egredis 
tur,etirarius, Contraranauenenata,quam metallici noftri ex ignis colo 
re quiinfidet ei, wve/qpuvop,fuo tamen uocabulo nominat,in faxis perpetuo 
quafi condita & fepulta later. Altus intra terra gignitur, & reperiturmodd 
in uenis,uenulis,faxora cOmiffuris,cu ha excauantur: modo in faxis ita fol 
dis,ut nulla foramina,que uideri poflint, appareant, cu cuneis diuiduntur, 
Quo fané modo & Snebergi & Mannisfeldi fuit inuenta. Ea ex fubterrane 
is cauernis elata in lucé primo turgetac inflatur,mox de uita decedititalis ec 
tiam rana crebrius reperiturin Gallrjs Tolofa,in faxo arenaceo rubro,cans 
didis maculis diftincto , ex quo mole Say Nadas id genus faxa omnia, 
priufg molas ex eis faciant,perfringut:q ni fecerint rane, ubi cu molz uer 
fantur,concaluerint,inflari folét,& difrupris molis frumenta ueneno infices 
re, Spondylisatit uermis intra terra reperini folet, ita circa radices cOuolu 
tus utuerticilli,quod Graci avévd'vAsp uocat,{pecié pre fe terat:unde nomé 
inuenit.Eilongitudo & craflitudo minimi digia:caputrubri, reliquit core 
pusalbt,nifi quod fuperne firaliquanti nigrum, ubi cibo,quem fumit,tur 
get:qua hortorw peftis,cum nec careat pedibus, nam fex habet, nec ferpar, 
tamen Plinius fcribit, genus id ferpentis eft radices herbarit totas cOfumit, 
fruticu corticem,quo radices coru obducuntur,tantum abrodit:quinetiam 
edit radices cucumeris afinini,chamaleontis nigri,centauri,peucedani, aris 
{tolochiz, uitis fylueftris:cu aliud animal cas no attingat . Sed uermis quas 
drupes, quiin Maio natus in agris curriticem craffus & longus minimum 
digitum,ut pulices terreni,in leguminibus orti, fupra terra uiuic. Ei corpus 
molle,nigror {plendidus, gracilis ifthmus: pofterior corporis pars pectori 
adhereticum in manus fumitur,cas pinguiliquore inficit,pellicurinam,{ed 
unafanguinem. Afcarides etia,qui funt uermes parui,non unius & eiuls 
dem coloris:nam alij candidi,aly lucei,alr nigri,fepius aratro excitatur. Re 
periuntur autem plures in unum aliquem locum congregati: hiuaftant fae 
ta:etenim ualidas fegeres radicibus fub @tis enecant, Retanibelcas , qui 
item intra terram gigr.ntur,&X oculis carent,pluuiz elfciunt. Concinneigi 
tur Euclio Plautinus,folicitus deaulaauro referta,inquit ad Strophylum: 

Foras, foras lumbrice,qui fub terra erepfifti mods, 

Qui modo nuf{quam comparcbas,nunc quom compares, peris. 


Quin 
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Quin cochlez in Balearibus infulis,ut Plinius feribit, cauatice appellas 
tz,non prorepunt ¢ cauis terra: , neq herba uiuunt, fed uuxz modo inter fe 
coharent.Accedo nuncad alter animantiti fubterrancarti genus, quod in 
humidis terra locis agit: et lumbrici etid & alia quaedaid genus animans 
tes in terra tantu gignuntur humida, Pifces ait fofliles duort generit inues 
niuntur, fed intra terra nGnihil teretes ut anguilla, uertt pelle carent tenaci: 
{quamis etiam,ut & gobij: durama necadmodum iucundam gultui habée 
carnem:maiores crafl funt fere duos digitos:minores, digitumiilli longi cir 
citer palmos quatuor: hi tres,Sonu eduntacutu.Eos pharmacopolz in uis 
trum inclufos de trabe fufpendunt, ut f{pectaculum hominibus prabeant: 
longocg temporealunt pane &altjs quibufdam, Ex fluminibus ait que 
curruntin locis paludinofis,egreffi per riparum uenas longius penetrantin 
terram: & interdum in proximi oppidi cellas ufgs fubtcrrancas, in quibus 
uinum uel ceruifia folet condi, Attamen Theophrattus {cribit eos reperiri 
juxta Aluuios,& in aquofis locis. Cum enim terram inundaucritaqua, ex ala 
ueis Auminum eaeel in eam:cum decreuerit,reli nqui in exiccata, tage pere 
fequentes humorem terram fubire : dein humore exiccato in halitu permae 
nere:non aliter ac pifces inter cateros falitos uiuunt. In latebris autem pros 
pter fenfuum {tuporem eos nihil fentire,fed effoflos fe moucre, Non diffs 
mile ait accidere in Ponto his pifcibus quos glacies complectitur. Etenim 
non prius fentiunc & mouentur,quam in patinaminie@ticoquantur. Ve 
rum nullos pifces,qui in fluutjs uerfari femper foliti fucrunt,poft inundatio 
nes in locis ficcis reli&tos fubire terram uidemus,fed omnes de uta decedee 
re.lraqp cum foffiles pifces etiam in locis, quos non inundauit aqua, folcans 
inueniri,certum elt illos ed per uenas & uenulas penetrare, De quare ultra 
Albim Orteranti,quod oppidum eftad Polfeniciti luuium, diligenter ads 
verti, Necin Germania modo fofliles pifces reperiri folent, fed etiam poft 
Pyrenzos montes, ut Polybiusin quarto & trigefimo hiftoriart libro trae 
dit,ufos ad Narbonem amnem planicies ee quam fluuij feruntur llibes 
ris, Rofchinus,Auentes propter urbes eiu(dem nominis,qua habitantur 
4 Celtis.In hacigitur planiciefunt pifces foffiles didti.In ea enim eft terra tex 
nuis,& multi nafcitur gramen:fub quod altitudine duorum uel trium cub 
torum per arenam aqua Auminum dilatata Aluit.Et fi quando inundauerint 
cum aqua,pi(ces terram fubeuntes alimenti caufa,nam mirifice appetiit ore 
minis radices,planiciem efficiunt refertam pifcibus {ubterrancis, quosinco 
le effodiunt.Inueniuntur etiam foffiles pifces circa Heracleam, & in multis 
Ponti locis,ut Theophraftus memoriz prodidit: in Paphlagonia,ut Eudo 
xus.Quin,fi Seneca credimus, fub terra {unt {tagna obfeffa tenebris Klos 
cis amplis. Animalia quog illis innafcuntur,fed tarda & informia, utinaes 
re cxco, pinguig concepta, & in aquis torpentibus facta, Et, uridem {erie 
bit,in Caria circa Idimum urbem,cum exiliffet unda, periere quicung illos 
ederant pifces,quos ignoto ante eum diem ccelo nouusamnis oftendit. 
Poftrems in fubterranearit animantium,feu,quod placet theologis,fubs 
ftantiarum numero haberi poffunt demones, qui in quibufdam uerfantur 
fodinis, Eorum autem duplex eft genus,Sunt enim truculenti & terribiles 


afpectu; 
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afpectu:qui plerung metallicis infefti atgs inimici whee frit Anneber 

jus ille,qui operarios duodecim amplius Alatu ae ecitin pect qui coro 
na rofacea appellatur.Flatu uero emittebat ex rictu. quienim Ipecie habéz 
tis procerit colli & truces oculos dicitur uifus.Eiufmodi etiam fuit Sneber 
gius,nigro cucullo ueltitus,qui in fodina Georgiana iLeereae e folo fubs 
latuin Boewate loco maxima illius concauitatis quon da feracis argéti col 
locauit,non fine corporis attritu.Certe Pfellus, culm fex genera demonum 
definiat numero , hoc ceteris peius effe dicit: quod ipfi amictui fit craffior 
materia, Quidam philofophihos & fimiles demones,qui nocentes funt,& 
natura improbi,nominant brutos,& rationis expertes. 

Sunt deinde mites,quos Germanorwalfj,ut etiam Graeci, uocant Cobas 
los,quod hominum funtimitatores, Nam quali leeticia geftientes rident:8¢ 
multa uidentur facere,quu prorfus nihil faciant. Alf) nominancuirunculos 
montanos,fignificantes ftatura,qua pL nginawies pe nani tres dodran 
teslon nik aut effe feneciones & ueltiti more metallicori,id eft,uit 
tato indufio , & corio circ lumbos dependentes induti, Hidamnum dare 
non folent metallicis,fed aguiae in puteis & cuniculis: & ae nihil agat, 
in omnilaborum genere uidentur fe exercere: quafimodo odiantuenas, 
modo in uafa infundant id quod effoffum eft: modo uerfent machinam tra 
ctoriam, Quanquam uero interdi glareis laceffunt operarios, rariflime taz 
men eos ladunt, Necladunt unquam, nifi prius ipfi cachinno fuerint, aut 
maledicto laceffiti,[taqg nd admodum diffimiles funt demonibus, tum his 
quiraro hominibus apparent, quum quotidie partem laboris domi perfici 
ant,& curentiumenta:quibus quod noftri caufa benigne faciant, een erigp 
hominum fint,aut faltem effe uidentur amici, nomen impofuerunt Germae 
ni,Gutelos enim appellant: tum Trullis uocatis : quos {exw tam mulieris es 
uiri ementito,cum apudalias nationes,tum maxime apud Suionas in famu 
latu fuiffe fuerunt. Sed demones montani potiffimum laborant in his {pes 
cubus,é quibus metalla effodiuntur iam,uel ea effodi poffe {pes eft. Quocir 
ca metallicinon deterrentur a laboribus,fed omen inde capientes alacriori 
animo funt,& uehementius laborant, 

REt 
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NA LATINA GRAECAQVE GERe 
manice reddita, quorum author irilibs, Dc Subterras 
ineis animantibus meéminit, 


‘GRADIENTIVM 


Alce eddpelend 

Aper wildfchwein 

Araneus niger fehwarte feldfpinne 

Afellus fdjefflein: in feneftris uerfae 
tur, 

Bareayidles Faulkroten 

Blatcae wibel/brotwoeme/fpringwibel 

Betfes laubfrofd) . 

Bufo Frote | 

Kedwuira item laubfrofd 

KeprLise@- cicpour 

Caprea ref 

Caftor’ piber 

Ceruus hirs 

Chamzleon,Germanis eftignotus 

Crocodilus crocodil 

Cuniculus cunlein 

Dama cit gensps d¢6 horner vor {ich 

— gebogen fein 

Enads Italice ghyro 

Erinaceus tgel/eius duo éenera,hiit(2 
igcl vid fewigel | 

Fiber piber 

Formica ¢tits 

Tolan wifel 

Glis groffe hafelmsaus 

Lupivor’ FaulEvoten- oe 

Hyftrix ftadyel fayweins dornfdywein/ 
Porcopic 

Ibex fieinpock 

Juric tees & alice fylucftres muftele 

Lacerta gzumabdey 

Lacerta Chalcidica Fupferadey 

Lacertaxquatilis wafferadey 

Lupus wolff 


Lupus ceruarius lugs 


Lutra otter 

Martes ftcinmarterrond paunnnarter 

Meles days 

Melium cin haleband dar onder dave 

_ gefuttert/ fo man denhunden antege 

Moaosveidts Eaultroten 

Musalpinus murmelthie¢ 

Musaraneus fpigmans 

Musagreftis (dydzmaus 

Mus lafficius laffis 

Mus Noricus pilchesbildjessifloiley 
maus/sifclindus 

Mus domefticus maior ‘ratte 

MusPannonicus _ 

Maus Ponticus’ hermes. 

Musaquaticus waffermans 

Mus fubterraneus Plein: {cysemaug 

Mus fylueftris hafelasaus oder ndfe 
Maus 

Mufteladomettica wifel 

Mauftelafylueftris tltes 

Muyarn fpitsmaus, 

Mis cuize@- cichomn 

Noerza nocrs 

Platyceros Sambirs 

Pulicesterreni erdfloh 

Tluezppuv@- feiir¥rote 

Ranarubeta Frote 

Ranatemporaria telifrofcdyleis 

Rana uenenata foffilis fetirFrote 

Rana uiridis parua laubfrofd 

Ranz uirides,fubliuide,fubcinerex 


frofdye 


-Rupicapra cin gemps deo homer pine 


derfid) gebogen fein 
Salamandra niold> — 
Scarabcus, de quo hicloquimur, 


ue Bb 2 2xiap@- 


INDEX IN LIB. 


LiuspO@- cichomn — 
Sorex isfttle hafelmaus 
Stellio. Tarantula 
Talpa molwurff 
Tarandus reet 
Teftudo feirkrore 
Tragelaphus bzandbirfe 
Vermis in Maio natus meimeits 
Viuerra furecte ond frette 
Vormela woumnlein 
Vriug beer 

Vulpes fudys 

Zobela sobel 


VOLANTIVM ¥ 


Alaudalerd) 

Anas immantueta wilde ente 

Anferimmantuetus wilde gans 

Apis pien 

Amodiss fpirfchwalben 

Aquila adler 

Ardeola rether 

Attagen bafclbyiirs 

Bubo gros hubu 

Ciconia fetch, 

Cornix Frabe | 

Coruusaquaticus wafferzabe 

Coruus, cuius caputrubra macula 

eftinfigne hol¥rabe- 

Coruus nocturnus ‘nactrabe 

Crabro bozlitse 

Cuculus Euctiie 

KuLsaor fpirfchwalbers 

Fulica -wafferhun 

Galoulus hemmerling 

Giylinie domefticits haufheiss 

Gryllus cee feldbeim 

Halcyon fluuiatilis eifuogel 

Hitundines domeftice bauffewale 
ben = agreftes  mautfdwale 
bert riparia . fpirftpwalben 

Ibis auis Agyptiaca Germanisigno 
ta 
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In7dQ@- hemmetling 
Lagopus fthnewogel 
Locufta henfdprecke 


Mergus tencher 


Merula amffel ond feyarnffel 

Miluus weth oder bunerabe 

Noctua rangeule/falactuleftockeules 
ffecineule 

Neuxnxppaf nachtrabe 

Olor fdhwan 

Onocrotalus fanegans 

Palumbes holataube wnd ringels 

taube | he 

Perdix riphun 

Pica agelefter 

Pieus fpedt 

Tlupgongpaé holfrabe . 

Querquedula Fricbentletss 

Sturnus ftir | 

Tetraones pitcKbuner ond auerbis 

Turdus — Frametvogel/simer s weite 
dzuffechel /sipdzuffcpel : 

Velpa wefpe 

Velpertilio ficdermaus 

Viula bubu 

Vpupa widehopfe 

Vultur hafengir 


NATANTIVM 


Alburnus weisfifdy 
Afellus,in Italia Afino 
Aurata, Venetijs Auraia 
Barbus parme 
Buccinum,in Liguria corneto 
Cancer fluuiatilis Erebs 
Conger,in Italia congro 
Coracinus,Neapoli coracino 
Delphinus mebzfebwain/dar von 

Fomtpt falfpeck 
Glaucus 
Globio Aluuiatilis fdmerle 
Hippurus 
Lucius hehe 

Merula, 


167 


168 


PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Series 4, Volume 60, No.9 


ANIMANTIBVS PRINVS.,. 


Merula,Maffilia roquando 

Murena,in Italia murena 

Orphius,in Sicilia cernha 

Pifces foffiles peifter ond terputters/ 
qui funt craffiores 

Pecten, Venctijs cappe 

Perca berfe 

Primadia 

Purpura,in Gracia porphyrod 

Raia roch 

Salar fhure 

Salmo falm/lavs 

Sturio ftsz 

Thynnus thunno 


Turdus,Maffilix roquando 
SERPENTIVM 


Acontias,ignotus Germanis 
Amphisbiwna,ignota 
A({pis,ignota 

Boa vnke 
Bafilifcus,ignotus 
Cecula blindfcbliche 
Calabricus ferpens,ignotus 
XépovePO-- natter 
Cenclitis,ignota 
Ceraftes boznidte flange 
Dipfas,ignota 

Draco dzach 

Dryinos cich(cblange 
Hemorrhous,ignotus 
Natrix natter 
Porphyrus,ignotus 
Scytale,ignota 
Sepedon,ignota 
Tupaiv@- blindfcpleice 
Tugrw-L blindfcpleidye 
Vipera, ltalis maraflo 


YerOQ- natcer 
VERMIVN 


Afcarides erdwo2me 


Lumbricus reiniwotrs 
Scolopendra naffel 
Spondylis engerle 
Teredo Eupferwozts 


DAEBMONVM 


Demon fubterraneus truculentus 
bergteufel mitia bergmenlein¥os 
belvguctel 


INDEXINLIBRVM 
De fubterraneis animans 
tibus fecundus 


A 


Acontias 498m, 
ALlianus 478m. 498m, 
fénariz coloni terre motu & calis 

darum aquarum effufionibus fedi 

bus exacti 480 p, 
Axgvbex0ip@-,qui & hiftrix 491m, 
Alaudz 482 f. hyemelatentin cauer 


nis montium 494m, 
Albertus Magnus 480m, 

. Alceé | 485 p. 
Ambrofius Fibianus 499m. 
Amphisbzna 496f, 
Anatesimmanfaetx 481p, 
Anintal incogniturepertumin Nos 
rico 480m, 


Animantes {ubterranex que pros 
prie & fint & dicantur 479 f. 499 
m. guainterraficca 4g9f. quz 
in humidaagant 500 f.& inde 

Anirtantium {ubterranearum tria - 
genera 482 p. 

Animantes omnes natura mutatios 
nem fentire 479h. 

Animantes qu in regionem e qua 

egreffx funtgonreuertuntur 479 


Bb 3 8480p, 


INDEX IN LUB. 


480 p. revertuntur 480 f, 481p, - 


Animantes frigoris aut caloris uitan. 


dicaufalocummutantes. 4861p. 
Animantes que noctu uel interdiu 
in cauetnis terre delitefcunt 482 p, 
& deinceps 
Animantes que in terra latét aliquo 
annitempore 486f, & deinceps 


_ ufgs ad pag,soo, 
Antferes immanf{ueti ASLp. 
Aper 485). 
Apes . arf, 
Azvdise,quee & xvalerol 494). 


4m. 
Aquila Northufe mortua 480m, 
Aquila a lanio Dincelfpyhelenfi oc« 


cifa 480m 
Aranei nigri 4936, 
Aratus 4osf 
Ardeola 481ps 


Ariftoteles 478M. 479 Mm. 485m, 
487f. 492m, 493p. 498p. 
Ariftophanes 486 p, 
Arces {ubterraneee 482 m.f, 
Afcalabus , & dongrabartus., qui & 
{tellio 


493m. 
A{carides 499 f. soo f, 
Afellirimis parietum occultantur 
ene gif, 
Afellus pifcis eftiuis menfibus fe cd 
dit. : . 474m 
Afio noctue {pecies 486 p. 
Afpis,Xeiusgeneras _ 4oz7m.f 
Attagenes . 491m, 
Aueshyemein cauis arboribus late 
tes 4orf, 
Aues lutez 479 In, 
Aues quedam cur uerno tempore 
con{picianturimplumes 482 p, 
Auesnocturne 485 f, 
Aurata eftinis menfibus fe condit 
494m, 
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Bafilifcus | 498 f, 
Bafanids Me 4o5f. 
Blatte parietum rimis occultantur 

481 f, 
Bowxexhnatricumgenere 497m 
Beffas,rana 495m, 
Bubo 485f..494m, 
Buccina 494m, 
Bufo 495f 

0 
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